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Cowposltlons comprising DMA damaging agents and P53 

5 

BACT^omro oy tob iMVBNTiaii 

1. yield of tha Invmtlaa 

10 TbB preset ixxventim relates generally to the area 

of novel strategies for the improv^nent of 
chematherapeutic intervention. In other acqpects, the 
preset invention provides novel m et hods and compositions 
that combine the potency of DHA damaging agents with the 

15 combined delivery of a tumor suppressor » The combination 
of DMA damaging factors with the heterologous esqpression 
of a tumor siqppressor gene lead to a pronounced synergy 
over and above the actions of the individual conqponents. 

20 2. Descriotion of Related Art 

Current tareatment methods for cancer, IncTudlnig 
radiati<m therapy, 'su3cgery, and chemot h e r apy, are known 
to have limited effectiveness. Lung rancer alone kills 

25 more than 140,000 people annually in the Ujaited States. 
Recently, age-adjusted mortality from lung cancer has 
surpassed that from breast cancer in woiara. Although 
implementation of smoking-aceduction p r ogr am s has 
decreased the prevalence of smoking, lung cancer 

30 mortality rates will remain high well into the 21st 

.century; ' Hhe rational development of new therapies for 
lux^ cancer will depend on an understandix^ of the 
biology of lung cancer at the molecular level. 

35 It is now well established that a variety of cancers 

are 'caused, at least in part, by genetic abnormalities 
that result in either the overesqpression of one or more* 



genes, or the expression of an ahnormaJ. or mutant gene or 
genes. For exanple, in many cases, the escpression of ^ 
oncogenes is known to result in the development of 
cancer. "Oncogenes* are genetically alteired genes ^^se 
5 mutated escpression product somehow disrupts normal 
cellular function or control (Spandidos et al., 1989) 

Most oncogenes studied to date have bib^ found to be 
"activated" as the result of a mutation, often a point 

10 mutation, in the coding region of a hormal dellular gene, 
i.e., a "proto-oncogene", that results in amino acid 
substitutions in the esqpressed protein product. This 
altered esqpression product esdiibits ah abnormal 
biological function that takes part in the neoplastic 

15 process (Travail et al., 1990) * The underlying mutaticms 
can arise by various means, such as by chooiicai 
mutagenesis oar ionizing radiation. A number of oncogenes 
and oncogene families, including xas, myc, jseu, raf , erb, 
arc, fins, ^un and abl, have now been identified and 

20 characterized to varying degrees (T^j^vali et al^, 1990; 
Bishop, 1987). 

During normal cell growth, it is thought that 
growth-promoting proto-oncogenes are counterbalanced by 
25 ganowth-oonstraining tumor suppressor genes. Several 
factors may contribute to an inbalapce in these two 
forces, leading to the neqplastic state. One such factor 
is mutations in tumor siqppressor genies CWeinbearg, 1991) . 

30 An important tumor suppressor g^e is the gene 

.encoding the cellular protein, p53, idd.ch-is a 53 kD 
nuclear phosphoprotein that controls cell proliferation. 
Mutations to the p53 gene and allele loss on chromosome 
17p, where this gene is located, are among the most^ 

35 frequent altterations idoitified in human malignancies. 

>rhe 'p53 protein is highly conserved throu^ evolution and 
is escpressed in most normal tissues. Wild-lrype p53 has 
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been shown to be izKvolved in control of the cell cycle 
(Mercer, 1992), transcriptional regulation (Fields 
et al., 1990, and Nietz et al*, 1992), DNA replication 
(Wilcock and Lane, 1991, and Bargonetti et al., 1991) , 
5 and Induction of apoptosis (Yonish-Rouach et al., 1991, . , 
and, Shaw et al», 1992). 

Various mutant p53 alleles are Icnown in which a 
single base substitution results in the synthesis of 

10 proteins that have quite different growth regulatory 
properties and, ultiinately, lead to nE^^ignancies 
(BOllstein et al*, 1991). In fact, the p53 gene has been 
found to be the most frequently nutated g^cie in cooBmn 
human cancers (Hbllstein et al., 1991; Weinberg, 1991), 

15 and is particularly associated with those cancesrs Unked 
to cigarette smoke (Hollstein et al., 1991; Zakut-Bborl 
et al., 1985). The overescpression of p53 in breast 
tumors has also been documented (Casey et al., 1991) • 

20 One of the most challenging aspects of g^oe therapy 

for cancer relates to utilization of tumor suppressor 
genes, svLch as p53. It has been reported that 
transfection of wild*type p53 into certain types of 
breast and lung cancer cells can restore growth 

25 m^ression ccmtrol in cell lines (Casey et al., 1991; 

Talcahasi et al., 1992). Althoug h ISSA transfection is not 
a viable means for introducing DNA into patients' cells, 
these results serve to demonstrate that supplying wild 
type p53 to cancer cells having a mutated p53 gene may be 

30 an effective tr^tment method if an improved means for 
delivering the p53 gene could be developed. 

Gene delivery systems cqpplicable. to gene therapy for 
tumor Biqppression are currently being. investigated and 
35 developed* Virus -based gene transfer vehicles are of 

particular interest because of the efficiency of viruses 
in infecting actual living cells, a process in which the 
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viral genetic material itself is ta^nsferred. Some 
progress has been made in this regard as, for exainple, in 
the generaticm of retroviral vectors engineered to 
deliver a variety of genes. Hdwever, major problems are 
5 associated with using retroviral vectors for gene therapy 
since their infectivity depends on the availability of 
retroviral rec^tors on the target cells, they are 
difficult to conc^trate and puri^, and they osily 
integrate efficiently into r^licating cellsw 

10 

Tumor cell resistance to chemotherapeutic drugs 
represents a major problem in clinical oncology. NSCLC 
accounts for at least 80% of the cases of lung cancer; 
patients with BSCLC are, however, generally unresponsive 

15 to chemothercqpy (Doyle, 1993) . One goal of current 

cancer research is to find ways to improve the efficacy 
of gene rq)lacement therapy for cancer by investigating 
the interaction between the gene product and 
chemotheraqpeutic drugs. The herpes simplex- thymidine 

20 kinase (^-tK) gene, when delivered to brain tumors by a 
retarovirai vector system, successfully induced 
susceptibility to the antiviral agent ganciclovir 
(Culver, et al., 1992), The BS-tK gene product is an 
exogenous viral enzyme, tib&eeaB the wt-p53 protein is 

25 eacpredsed in normal tissues, suggesting that the 

modulation of cbemoresistance by alterations in wt^p53 
repression mig^t be an altun^tlve sqpproach using a 
pathway mediated by an ^odogenous g^Eietic program. 

30 An adenovirus systan has pot^tial advantages for 

gene delivery in vivo, such as ease of producing high- 
titer virus, hig^ infection efficiency, and infectivity 
for many types of cells. The stability and duration of 
expression of the introduced "gcane are still ' 

35 controversial, . however. The increase in p53 levels in 
cells that are smsitive to cfa^notherapeutic drugs* can 
occur within 6 hours after ESDI-damaging stimuli 
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(Pritscbe, et al., 1993, Zhan, et al., 1993), althouc^ 
increased p53 ENA binding activity can be^reversed oveir 
the course of 4 hours if the stimulus is removed 
(Tishler, et al., 1993). Thesrefore, ^ high level of p53 
5 esqxression can be maintained even after cessation of drug 
e3q>osure. Tlie expiression of wt-p53 protein by Ad-p53 
peaks at postinfection day 3 (14-fold greater than 
endogeiKms wild type) and decreases to a loir level by day 
9 (Zhang, et al», 1993). This suggests that a 
10 transiently hi^ level of wt-p53 esipressicai is sufficient 
to initiate the cytotoxic program in th^a cancer cell . 

p53 has an important role as a detejnninant of 
chemosensitivity in human lunjg cancer cells > A variety 

15 of treatment protocols, including surgery, chemotherapy, 
and radiotherapy, have been tried for human NSCLC, but 
the long*term survival rate remainsi imsatisf actory. What 
is needed is a combination thera p y that is used alone or 
as an effective adjuvant treatment to prevent local 

20 recurrence following primary tumor resection or as a 

treatment that could be given by intralesional injections 
in drug-resistant primary, metastatic, or locally 
recurrent lung cancer* Gonpositionsi and methods are also 
needed to developed, explore and impr o ve clinical 

25 applicability of novel compositions for the treatment of 
cancer > Furthermore these methods and compositions must 
prove their value in an in v±vo setting. 

sumaaa of thb uivmfjritiii 

30 

.The present .inveaition addresses the need for 
inproved therapeutic preparations for "Use in killing^, 
cells by combining the effects of a tumor suppressor gene 
or protein and a DBA damaging agent or factor* The 
35 present invention also provides cop^sitions and methods, 
. including those that use viral mediated gene transfer, to 
promote expression of a wild-type tumor sij^ressor gene. 



such as p53^ in taapget cells and to deliver an agent or 
factor that induces DMA damage. The inventors 
surprisingly found that using t he compositions disclosed 
herein, they were able to induce programmed cell death, 
5 also known as ajpbptosisr in a viery significant number of 
target cells. 

Using the preset iarirentian, the inventors have 
demonstrated a r^BBadtable effect in oontrolllng cell 

10 growth and in psbbticular, tumor cell grow^» Tumor cell 
formation and growth, also known as "tiransf ormation" , 
describes the formation and proliferation of cells that 
have lost their abilitr^ to control cellular division, 
that is, they are cancerous. It is envisioned that a 

15 number of diiEf ex^t types of transformed cells are 

potential taxgeti9 for the methods and coapositiqns of the 
ipresent Inventibn, such as sarcomas, melanomas, 
lymphomas, and a wide variety of solid tumors and the 
like. Although aiqf tissue having malignant cell growth 

20 may be a target, lung and breast tissue are prefeonced 
targets. The present inventors disclose herein that a 
p53*e3qpres8ing recombinant delivery vector was able to 
markedly reduce the growth rate of cells nfben used in 
conjunction witb a USk damaging agent. 

25 

The invention provides, in certain embodiments, 
methods and coopositions for killing ai ceU or cells, 
such as a malignant cell or cells, by contacting or 
exposing a cell or population of cells with a p53 protein 

30 OT gene and one or more JSaA damaging agents in a combined 
amount effective to kill the cell (s) . Cells that may be 
killed using the invention include, e;^., undesirable .but 
benign cells, such as benign prostate hyperplasia cells 
or over-active thyroid cells; cells scelating to . 

35 autoimmune diseases, such as .B cells that produce 
antibodies involved in arthritis, liq^us, myasthenia 
gravis, - squamous metaplasia, dysplasia and the like. 
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Although generally applicable to killingf all undesirable 
cells, the invention has a particular utility in killing 
malignant cells. "Malignant cells" are defined as cells 
that have lost the ability, to control the cell division 
5 cycle, as leads to a "transformed* or "cancerous* 
phenotype* 

TO kill cells, such as malignant or metastatic 
cells, using the methods and compositions of the present 
10 invention, one would generally contact a "target" cell 
with a p53 protein- or gene and at least one Em damaging 

• agent in a rCTBMnp«^ amount effective to kill the cell. 
This process may involve contacting the ceULs with the 
p53 protein or gene and the damaging agent (s) or 

15 fa.ctor(8) at the same time. This may be achieved by 
contacting the cell with a single conposition or 
pharmacological formulation that includes both agents, oir 
by contacting the cell with two distinct compositions or 
formulations, at tl^ same time, wherein one conposition 

20 Inclii^*^? the p53 protein or gene sund the other includes 
the om damaging agents 

Haturally, it is also envisioned that the target 
cell may be first ^qposed to the IXNA damaging agent(s) 

25 and then contacted with a p53 protein or gene, or vice 
versa^ However, in embodiments where the Em damagiiig 
factor and p53 are applied separately to the cell, one 
would generally ensure .that a significant period of time 
did not expire betwem the tine of each del^ivery, sud^ 

30 that the mffi damaging agent and p53 would still be able 
to exert an advantageously combined effect on the cell. 

* B^^^sucdt-instances, i^ itf cont«qplated that one would 
contact the cell with botii agents within about 12-24 

' hours of each other, and moire preferably within about 6- 
35 12 hours of each other,, with a delay time of Only about 
12 hours being most preferred. 
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llie tei^ ■contacted* and "exposed", when applied to 
a dell, are used herein to describe the process by which 
a tumbr l3i:qppre8sor gene or protein, such as p53, and a 
DasDl damaging agent or factor are delivered to a target 
5 cell or are placed in direct juxtcqposition with the 
target cell. To ad&ieve cell killing, both agents are 
delivered to a cell in a conibined amount effective to 
Itill th^ ceil, i.e., to induce programaed cell death or 
eqpoptosia. The terms, "killing", "progranmed cell death" 

10 and "apoptosis" are used interchangeably in the preset 
text to describe a series of intracellular events that ' 
iead to target cell death. The process of cell death 
involves the activation of intracellular proteases and 
xmdeases that lead to, for example, cell nocleus 

15 involution and nuclear IXOi fragmaitation. An 

understanding of the picecise mcMThanlfimfi by which various 
intracellular molecules interact to achieve cell death is 
not necessary for practicing the present invention. 

20 TBSA damaging agents or factors are defined hereiii as 

any rh fi^-* compound or treatment method that induces 
WH damage when applied to a cell. Such agents and 
factors jnfrl^^^ radiation and waves that induce DOk 
dam^ie, such as, f-irradiation, X^acays, W-irradiation, 

25 mic r owaves, electronic emissions, and the like. A 
variety of chemiciail ooopounds, also described as 
"chmotherapeutic agents", function to induce jiOA damage, 
all of which ace intended to be of use in the conibined 
treatment methods disclosed herein. Cbemotherapentic 

30 agents contemplated to be of * use, include, e.g., 

adrianycin, 5-fluorouracil iSFO) , etcposide (VP-16), 
' cdmptothecin, actinodiycin-D, mitomycin C, cisplatin 
(CDDP) , and even hydroigen peroxide. The invention also 
encompasses the use of a combination of one or more CUBk 

35 damaging agents, whether- ra^ation-based or actual 

compounds, such as the use of Z-rayis with cisplatin or 
the use of cisplatin with etcposide. In certain ' 
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MibodlBients, the use of cisplatin in coabination with a 
p53 protein or gene is particularly preferred as this 

COIQ)OI2IUl» 

5 Any laethod nay also be nsed to ccmtact a cell with a 

p53 protein, so long as the n^thod results in increased 
levels of functional p53 protein within the cell. Ihis 
includes both the direct delivery of a p53 protein to the 
cell and th^ delivery of a gene or TUSIA segment that 

10 encodes p53, vhich gene will direct the esqpression and 
production of p53 within the cell. In that protein 
delivery is subject to such dra^ribacks as protein 
degradation and low cellular uptake, it is contemplated 
that the use of a recombinant vector that egqpresses a p53 

15 proteiii will provide, particular advantages. 

A wide variety of recombinant plasnids and vectora 
may be engineered to esqpresses a p53 protein and so used 
to deliver p53 to a cell. These include, for example, 

20 the use of naked DEDk and p53 plasmids to directly 

transfer g^setic material into a cell (Yiolfe et al., 
1990) ; formulations of p53-enooding TKA tn^ped in 
liposomes (Ledley et al., 1987) or in {ncoteoliposomes 
that contain viral envelope aceceptor proteins (Nicolau et 

25 al., 19B3); and p53-encoding E9A coupled to a polylysine- 
glycoprotein carrier complex. 

The use of recombinant viruses oigineered to esqpress 
' p53 is also envisioned. A variety of viral vectors, sucdi 

30 as TCtrovirai vectors, herpes simplex. virus (U.S. Patent 
5,288,641,* incorporated herein by reference)', ' ' 
cytomegalovirus, and the like may be employed, as 
described by killer (Miller, 1992) ; as may recombinant 
adeno-associated virus (AAV vectors) , such as those * 

35 described by U.S. latent 5, 139^941, . incorporated herein 
by reference; and, particularly, recombinant- adenoviral 
vectors. Techniques for preparing r^lication-defective 
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infective viruses are well known in the art, as 
exemplified by (Shosh-Choudbury & Graham (1987) ? lfeK3rory 
et al. (1988); and Gluzman et al. (1982), each 
incorporated herein by reference. 

5 

To Icill a cell in acccxcdance with the present 
imrentiooi, one would gene r all y contact the cell with a 
p53 protein or gene and a ra^A damaging agent in a 
coEBbined amount effective to kill the cell. The term *in 

10 a combined amount effective to Icill the cell" n^ans that 
the amount of p53 and CM\ damaging agents are sufficient 
BO that, when combined within the cell, the cell is 
induced to undergo apoptosis. Although not reqpiired in 
all ^Bbodiments, the combined effective amount of p53 and 

15 DRA damaging agent will preferably be an amount that 
induces significantly nore cell death than the use of 
either element alone, and most preferably; the combined 
effective amount will be an amount that induces 
synergistic cell death in comparison to the effects 

20 observed using either el^nent alone. 

A number of in vitro parameters may be used to 
determine the effect produced by the coapositions and 
methods of the present invention. These parameters 

25 include, for »anple, the observation of net cell nunbers 
before and after exposure to the coapositions described 
herein, as well as the size of multicellular tumor 
sjpheroids formed, suc^ as those colonies formed in tissue 
culture. la vitro cell killing is particularly shown in 

39 Example 7 of the" ptesent disclosure. Alternatively, one 
may measure parameters that are indicative of a cell that 
is undergoing programmed cell death, such as, the 
fragmentation o^C cellular genomic CHA inta nucleoscme 
size* fragments, generally identified by separating the - 

35 fragments by agarose gel electrophoresis, staining the 
DNA, and coiflparing the CHA to a ENA size ladder. 
Stacleosome size fragments are identified as a panogressive 
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steps or ladders of monomers and moltimers having a base 
imit of aboat 200 basepaixs. 

Similarly r a "therapeutically effective amount" is 
5 an amount of a p53 protein or gene and damaging agent 
that, when administered to an animal in combination, is 
effective to kill cells within the animal > This is 
particularly evidenced by the killing of cancer cells, 
such as lung, breast or colm cancer cells, within an 

10 s^T^litiai or IKiiwian subject that has a tumor* 

"Therapeutically effective cooibinations* are thus 
generally rrmbln^ amounts of p53 and SNA damaging agents 
that function to kill more cells than either element 
alone, and preferably, combined amounts that bring about 

15 a synergistic reduction in tumor burden. 

Stuping certain in vivo and ex viva i>arameters of 
cell death are therefore also effective means by whicQi to 
assess the ef f ectiveneoa of the oonposition and methods 

20 of the invmtion. For exanple, observing effects on the 
inhibition of tumoorigenicity, as measured by TdT 
escpressipm of frozen tissue sections or 1^ using other 
staining methods suid target antigens, as known to skilled 
pathologists • H^turally, other means of determining 

25 tumor mass, growth, and viability may also be used to 
assess the killing of target cells. In particular, one 
may assess the effects in various animal mbdetl systems of 
cancer, ^ir^i^itt^-tTij those in which human cancer cells are 
localised within the animal. Animal models of cancer# 

30 unlike those of AIDS, are known to be highly j^redictivie 
. of .homan' treatment regimens (Roth et dl./ editors 
(1989) ) • One exemplary enbodimrat of a predictive animal 
model is that in ^diich human small^dell lung cancer cells' 
(H358 cells) are grown subcutaneously. Using this 

35 system, th^ inventors have shown that p53 -bearing 

ad^:iovirus instilled intratumorally, along with the co- 
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adoinistration of a chefnotherapeutic agent, gives rise to 
a BOxpTlBinglY effective tuntor reduction. 

A particularly preferred method of delivering a p53 
5 protein to a cell is to contact the cell with a 

reconibinant adenovirus virion or particle that includes a 
reconbinant adenoviral vector ccoprising a p53 esqpression 
region position^ under the control of a pronoter capable 
of diirecting the es^ression of p53 in the given cell 
10 type* 

The p53 e3q>ression region in the vector may conqprise 
a genomic sequence, but f or sinplicity, it is 
cont&nplated that one will g e ner a lly prefer to enploy a 

15 p53 dDSh sequence as these aire readily available in the 
art and more easily manipulated . In addition to 
comprising a p53 expression unit and a promoter region, 
the vector will also , generally comprise a polyadenylation 
signal, such as an SV40 early gene ,or protamine gene, 

20 polyadenylation signal, or the lilce* 

In prefenced enibodiments, it is ccnten^lated that 
one will desire to. position the p53 esq^nression region 
under the control of a stxaog constitutive promoter such 

25 as a CMV promoter, viral I/CR, RS7, or SV4b j^comoter, or a 
promoter associated with genes that are expressed at high 
levels in mammalian cells suc^ as elcsigation f actor-1 or 
actin promoters. All such variants are envisioned to be 
ugef\il with the present invention. Currently, a 

30 particularly pref erred promoter is the cytomegalovirus 
.(CMV) ' XB* promoter. 

• Olhe p53 gene or cDiBl'may be introduced into a 
reconibinant adenovirus in accoirdance with the invention 
35 simply by. inserting or addiz^ the p53 coding sequence 

into a viral genome. Boweirer, the prefejcred adenoviruses 
will be replication defective viruses in idiich' a viral 
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gene ess^tial for replication and/or pacdcaging haa been 
deleted £rom the adenoviral vector ccmstruct, allowing 
the p53 expression region to be . introduced in its place. 
Any gene, whether essential (e.g., BIA, BIB, B2 and B4) 
5 or non-essential (e.g., B3) for replication, may be 
deleted and replaced with p53- Particularly preferred 
are those vectors and virions in which the BIA and BIB 
regions of the adenovirus vector have been deleted and 
the p53 expression region introduced in tl^ir place, as 
10 ex&Qpplified by the genome structure of FIO. 1. 

Techniques for preparixig replication, defective 
adenoviruses are well Imown in the art,, as exraopllfied by 
Ghosh-C9ioi^Diury and Graham (19B7) ; McGrory et al. (1988); 

15 and Gluzman et al., each incorporated herein by 

reference. It is also well known that vaodous cell lines 
may be used to propagate recombinant adexKsviruses, so 
long as they complement any replication defect which may 
be present. A preferred cell line is the human 293 cell 

20 line, but any other cell line that is permissive for* 

replication, i.e., in the preferred case, idiicA eaqpress^ra 
BIA and BIB may be enplc^ed. Further, the cell&f can be 
propagated either on plastic dishes or in suspension 
culture, in order to obtain virus stocks thereof. 

25 

The invention is not limited to Bl*lacking virus and 
Bl-expressing cells alone. Indeed, other coppplemen t ary 
combinaticais of viruses and host cells may be employed in 
connection with the present invention.. . Virus lacking 

30 functional B2 and B2*e3qpre88ing cells may be used^ as may 
• virus lacking functional B4 and .B4-expressing cells, and 
the like. Where a gene which is not essential for 
replicaticm is deleted axid replaced, such as, for 
exaniple, .the B3 gene, this defect will not need to be 

35 specifically complemented by' the host cell. 
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Other than the requirement that the adenovdrus 
vectors be engineered to express p53, the nature o£ the 
initial adenovirus is not believed to be crucial to the 
successful practice of the invention. The adenovirus nay 
5 be o£ any o£ the 42 different known serotypes or 

subgspoups A*P. Adraovirus type 5 of subgroup C is the 
preferred stasrting material in order to obtain the 
conditional replication-defective adenovirus vector for 
use in the method of the present invention. Hhis is 
10 because Adenovirus type 5 is a human adenovirus about 
^ifaich there is significant amount of biochemical and 
genetic informaticm known, and ndiich has historically 
been used for most constructions enploying adenovirus as 
a vector* 

15 

The methods and conqpositions. of the present 
invention are equally suitable for killing a cell or 
cells both in vitro and in vivo. When the cells to be 
killed are located within an animal, e.g., lung, breast 

20 or colon cancer cells or other cells bearing a p53 
mutation, both the p53 protein or gene and the raiA 
damaging agent will be administered to the animal in a 
pharmacologically acxreptable form. The tem "a 
pharmacologically acceptable form", as used heacein, 

25 refers to both the form of any composition that may be 
administered to an animal, and also the form of 
ccntactii^ an animal with radiation, i.e., the manner in 
^diich an area of the animal's bo<^ is irradiated,.. e.g. , 
with 7-irradiation, X-rays, irradiation, microw a ves, 

30 electronic emissions, and the like. The use of EaiA 

damaging radiation and waves is known to those skilled in 
the art of irradiation therapy. 

The pz^sent -inv^tion also provides advantageous 
'35 methods for treating cancer that, generally, comprise 

adminisjbering to an animal or human patient with cancer a 
therapeutically effective combination of a p53 protein or 
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gene and a DiDk damaging agent. This may be achieved 
using a T^r rv ^^^ T^aTfc^_ virus, particularly an ad eno virus, 
that carries a vector capable of e35>ressing p53 in the 
cells of the tumor. The p53 gene delivering composition 
5 would generally be administered to the animal, often in 
close contact to the tumor, in the form of a 
• pharroaceutically acceptable composition* Direct 
intralesional injection of a therapeutically effective 
amount of a p53 gene, such as housed vithin a recombinant 
10 virus, into a tumor site is one preferred method. 

However, other parenteral routes of administration, such 
as intravKious, percutaneous, endoscopic, or subcutaneous 
injection are also contemplated. 



25 In treating cancer according to the invention cme 

would contact the tumor cells with a DMA damaging agent 
in addition to the p53 protein or gene. This may be 
achieved by irradiating the localized tumor site with DSK 
damaging radiation such as X-rays, W-lig^t, y-rays or 

20 evra microwaves, iatematively, the tumor cells may be 
contacted with the DNA damaging agent by administering to 
t h^ awt4mai a thersipeutically effective amount of a 
pharmaceutical conposition comprising a TBSOi damaging 
compound, mdh as, adriamycin, 5-fluorouracil, etoposids, 

25 cai^tothecin, actinomycin-D, mitomycin C, or more 

preferably, cisplatin. The DHA damaging agent may be 
prepared and used as a combined therapeutic ccnqpositioQH, 
or kit, by combining it with a p53 protein, gene or gene 
delivery system, as described above. 

30 " 

. Th g surpriaix^ success of the preset invention is 
evidenced by the finding that using J^CM7-p53 virus.. in 
combination with cisplatin yielded profound results in 
studies using a xmde mouse model. The combined virus-DSBk 
35 damage thers^ regimen sigrnif icantly inhibited the 
• • tumorigenicity of H358 cells, a cell that normally 

produces a significant tumor mass. The tumorigenicity of 
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the lung cancer cells was inhibited through the treatment 
by Aa5CMV-p53r but not by the control viziis esqpressing 
luciferase, indicating that the p53 protein in 
ooidt>inatiaQ with a DiNA-damaging agent has great 
5 therapeutic efficacy. 

A nxoBber of methods for delivering cAi&notherapeutic 
fonmilations, including ENA es^ression constructs, into 
enkaryotic cells are known to those of skill in the art. 
10 In light of the present disclosure, the skilled artisan 
will be able to deliver both DMA damaging agents and p53 
proteins or genes to cells in many dif f er^t effective 
ways. 

15 Fbr in v±vo delivery of SCA, the inventors envisicm 

the use of any gene delivery system, such as viral* and 
liposome-mediated transfection. As used herein, the term 
"transfection", is uoed to describe the targeted delivery 
of SNA to eukaryotic cells using delivery syst^ns, such 
20 as, adenoviral, AAV, retroviral, or plasmid delivery gene 
transf^ n^thods. The specificity of viral g^ie delivery 
may be selected to preferentially direct the gene to a 
particular target cell, such as by using viruses that are 
able to infect particular cell types • Kitnrally, 
25 different viral host' ranges will dictate the virus chosen 
for geBB transfer, as well as the likely tumor suppressor, 
gene to be esqpressed for killing a given malignant cell 
type- 
It is also envisioned that one may provide the ENA 
damaging chemotherapeutic agent through a variety of 
means, such as by using parenteral delivery metboda such 
as intravenous jand subcutaneous injection, and the like. 
Such methods are known to those of skill in the art of 
drug delivery, and are further described herein in the 
sections r^arding pharmaceutical preparations and 
treatment.- 
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For in vltxo gene delivery, a variety of methods nay 
be employed, such as, e.g., calcium phosphate- or dextran 
sulfate-mediated transfecticm; electroporation; glass 
projectile targeting; and the like. These methods are 
5 known to those o£ skill din the art, with the exact 

conpositions and execution being apparent in light o£ the 
present disclosure. 

Other embodiments concern compositions, including 
10 pharmaceutical formulations, cooprising a p53 protein or 
gene in combination with a BfDk damaging agent, such as 
cisplatin. In such compositions, the p53 may be in the 
form a ERA segment, recombinant vector or recombinant 
virus that is capable of eaqpfessing a p53 protein in an 
15 ?» n^^^ cell. These cooqpositions, InrliKlIng those 

coocKrising a recombinant viral gene delivery systra, such 
as an adenovirus paarticle, may be formulated for in vivo 
administration by dispersion in a pharmacologically 
acc^table solution or buffer. Preferred 
20 ^larmacologically acceptable solutions include neutral 
saline solutions buffered with phosphate, lactate, Tris, 
and the like. 

Of course, in using viral delivery systems, one will 
25 desire to purify the virion sufficiently to render it 
essentially free of undesirable contaminants, suc^ as 
defective interfering viral particles or endotoocijEis and 
other pyrogens such that it will not cause any untoward 
' reactions in the cell, pinf™^'* or individual receiving the 
30 vector coonstruct. A preferred means. of purifying the 
vector involves the use of buoyant density gradients, 
such as cesium dHoride gradient centrifugaition. 

* *'* 

Preferred pharmaceutical ccmpositi^ms of the 
35 invention are those that include, within a 

pharmacologically acceptable soluticai or buffer, a p53 
protein, or more preferably a p53 gene, in combination - 
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with a cdieDDDtherapeutic D3i2l daraaging agent. Exemplary 
chemotherapeutic agents are adriainycint 5-£luorouracil, 
canptothecin, actinomycln-D, hydrogen peroxide, 
mitoiaycin C, cisplatin (CSJDP) , and etoposide (VP-16) , 
5 with the use o£ cisplatin being particularly preferred* 

Still further embodiments of the present invention 
are kits for use in killing cells, such as malignant 
cells, as may be formulated into therapeutic kits for use 

10 in cancer treatment. The kits of the invention will 
generally comprise, in suitable container means, a 
pharmaceutical formulation of a recombinant vector that 
is capable of esqpresslng a p53 protein in an animal cell, 
and a pharmaceutical formulation of a DORA, damaging agent. 

15 The recoDbinant vectors and EHK damaging agents may be 
present within a single container, or these conponCTts 
may be provided in distinct or separate container means* 
m a preferred eDbodiment, the recombinant vector will be 
a recombinant pBS-expressing adenoviral vector present 

20 within an adenovirus paarticle and the 133321 damaging agent 
will be cisplatin. 

The components of the kit are preferably provided as 
a liquid solution, or as a dried powder. Whoi the 

25 componocits are provided in a liquid solution, the liquid 
solution is an aqueous solution, with a sterile aqueous 
solution being particularly preferred. When reagents or 
cooponents aire provided as a dry pcywdbr, the powder can 
be reconstituted by the addition of a suitable solvent. 

30 It is envisioned that the solvent may .also be provided in 
another container means. 
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The f ollowii^ drawings form part of the present 
specification and are included to further d^xK>n8trate 
5 certain aspects of the present invention. The invention 
may be better understood by reference to one or more of 
these drawings in coiiibinat4.on with the detailed 
description of specific odbodinents presented hescein. 

10 PIG. 1» Scheme for generation of recombinant "pSZ 

adenovirus. The p53 expression cassette was inisezted 
between the Xba I and da I sites of pXGJL.l. The p53 
expression vector (pBC53) and the recombinant plasmid 
pJM17 were cotransfected into 293 cells. The transfected 

15 cells were maintained in medium until the onset of the 

cytopathic effect. Identification of newly generated p53 
recoflnbinant adenoviruses (Ad5CH7*p53) by PGR analysis of 
the USh using SKA tesiplates prepared from the CPS 
siqpematants treated with Proteinase k and phenol 

20 extraction. 

FIG. 2A. Map used for the structural analysis of AdSCMV* 
p53 DNA. A m^ of Ad5CM\r-p53 genomic TOSOi, with the 
locations of the p53 expression cassette, tiie PGR 

25 primers, and the restriction sites. Aie gem»e size is 
about 35.4 kb, divided into 100 maps units (1 m.u. » 0.35 
kb) . The p53 ea^xession cassette replaced the El region 
(1.3-9.2 m.u.) of the AdS g^oome* Primer 1 is located in 
the first Intxon downstream of the human CMnr major iB 

30 gene promoter. Primer 2 is located in SV40 early 

' polyadei^lation signal. Both of the primers', 15-20 bp 
away from the p53 cDNA insert at- both ends, define a 1.40 
kb BCR product:. ' Primers 3 and 4 are located at 11 m.u. 
and 13.4 m.u. of Ad5 g&:iome, respectively, which define* a 

35 0.86 ld> viral-genome specific. PGR pz:oduct. 
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FIG. 2B. Agarose gel analysis of PGR prb^cts. Two 
pairs of primers that defixse 1.4-U> (p53) and 0.86-lcb 
(Ad5) IXSBi fragments were used in each irc^bticKni. BSA 
t&iplates used in each reactim were pBC53 plitomid (lane 
5 1), Ad5/RSV/6Ii2 mn (lane 2), no UBk (lane 3) , aUd 
Ad5Cinr-p53 DBA (lane 4) • The lane labeled (M) 
corresponds to molecular weight markers* 

PI6* 2C. Restriction mappii^ of Ad5CM7-p53 CsCl- 
10 gradient purified Aa5CMV-p53 DNA samples were digested 

with no enzyme (U), Hind III (Bt), Baa HI (B), Bco RI (B), 
and caa I (C), respectively, and analyssed on 1% agarose 
gel. The lanes labeled (N) are mole^cidar wei^t maxksstki 

15 FIG* 3A, FIO. 3B, PIO* 3C and FIG* 3D. Obsekvatidii ot 
cytopathic effects on 293 by rebi^iiciant adenovirus* 
FIG. 3Ar FIG* 3B, FIG. 3C and FIG* 3D iatre^a series Of£ 
phase contrast images (x400) of 293 cells. FIG* 3A, FIG* 
3B, FIG* 3C and FIG. 3D are four panels of a single page 

20 figure. FIG* 2A, before transfection; FIG* 3B, negative 
control on day 12 posttransfection; FIG* 3C, onset of CFB 
, on day 12 posttransfectlon; FIG* 3D, completion of C!SB on 
day 14 post'transfection* 

25 FIO. 4A, FIG* 4B, FIO. 4C, mfA Flii. 4D* Immnhohistolbsbr 
of cells infected with recombinant addooviruses. FIO* 
4A, FIG. 4B, FIG. 4C and FIG. 4D sure a series of 
iaommohistological images of B3S;8 cells. FIG. 4A, FIG. 
4B, FIG. 4C and FIG. 4D are four panels of a single page 

30 figure. Inf ectivity- of Ad5CIW-p53 in.H358 cells. H358 
ceils were infected with Ad5CII7*p53 or Ad5/RSV/GL2 at 50 
PFG/cell f or 24 h. Medium alone was used as a mock • 
infection. Ihe^ infected cells were analyzed by 
inoanostainings* FIG* 4A is a modk infection prob^l with 

35 anti-p53 antibody* ' iPIG* 4B ^XB .cells infected with the 
control and probed with anti-p53- antibo^* 
FIG. 4C are Ad5GM7-p53 infected cells probed with an 
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unrelated antibod^r (MOPC^l) . PIG. 4D are cells AdSOnr* 
p53 ln£ectic» pxdyed with anti-p53 antibody. The anti- 
p53 antibody used was Pab 1801, and the avidin-biotin 
method was used for staining* 

5 . . 

FIG. 5A. OcxTmassie-blue stained SDS-PAGB gel comparing 
the relative level of expression of exogenous p53 in H35B 
cells. H358 cell samples that were infected with 
Ad5CHV-p53 or Ad5/BSV/6L2 at 30 PFO/cell were prepared 24 

10 and 72 h after infection. Coonassie blue staining of. an 
SDS-PASB. analysis, showing relative goantities of protein 
samples loaded. Lanes 1 and 4 contain the samples of the 
Ad5/KSV/GL2*infected cells. Lanes 2 and 3 contain the 
samples of the cells infected with two individual BtodkB 

15 of Ad5GMV-p53 at 24 h after infection. Lanes 5 aiul G are 
the Ad5CHV-p53- infected cell samples collected at 72 h 
after infection. Lane 7 is vxxdc-infected H358 sample 72 
h after infection. Lane M, prestained molecular weight 
markers in ld>a (GIBGO-BRL) . . 

20 

FIG. 5B. Western blot analysis of the identical lane 
setting gel as that of the SD3-PAGS in FIO. 5A. The 
relative levels of es^ression of p53 were analyzed by 
liestem blotting using antl-p53. Prlsary antibodies imed 
25 were monoclonal antibodies against p53 protein (PAb 1801, 
Oncog^tie Science Inc.) and S-actin (Amtersham Inc.). The 
HRP-conjugated second antibody and BCL developer were 

from Amersham Inc. viral-infected H358 cells by liestem 

... - ' • . *' ' 

Blotting. Western blot of FIG. SB have an equivalent 
30 setup and order, to those in FIG. 5A. 

FIO. 6l "fim^ course of the p53 expression, determined by 
Western blotting. Hultiple dishes of.H358 cells were 
infected with Ad50W-p53 at 10 PFQ/cell. Cfell lysates 
35 weire prepared at indicated time points after infection. 
Western blotting was probed with anti-p53 and anti-actin 
antibodies simultaneously. The lanes designated 
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represent negative controls- TIm* histogi^ ar^resents 
the relative quantities o£ p53 as determined by a 
densitometer. 

5 FIG. 7A. Growth curve of virally-infected human lung 
cancer cells of cell lines H358. Cells were inoculated 
at 10^ cells per dish (60 mm) axid 6 dishes per cell line. 
After 24 hours, the cells wiere infected with Ad50nr*p53 
or Ad5/ftSV/6L2 at 10 m.o.i. (Kultiplicity of infection, 
10 i.e., PFd/cell). After infection cells w er e counted 
daily for 6 days. The growth curves represent data 
obtained fr om 4 separate studies. 

PIG. 7B* Growth curve of vixaliy-infected human lung 
15 cancer cells of cell line H322. Oella were inoculated 
at 10^ cellis peir dish (60 mm) and 6 dishes per cell line. 
After 24 hours, the cells were infected with Ad5Cinr-p53 
or Ad5/ftSV/GL2 at 10 m.o.i. (Multiplicity of infection, 
i.e., PFO/cell) . After infection cells were counted 
20 ■ daily for 6 days. The gipowth curves represent data 
obtained from 4 sepaicate studies. 

FIG* 7C. Gi»Mth curve of virally-lnfecsted hs^^ Ini^ 
caiKiner cells of cell line B46d. (Sells were inoculated at 

25 10^ cells per dish (60 vmi) and 6 dishes per cell line. 
After 24 hours, the cells were infected with Ad5C3l7-^p53 
or Ad5/ftSV/Gti2 at 10 m.o.i. (Hultiplicity of infectirai, 
i.e., PFO/cell) . After infection cells were, counted.. . 
daily for 6 days. The growth curves "^represent data 

30 obtained from 4. separate studies. 

• FIG. 8/ Flow Chart of tests of Ad5C(nr*p53 in orthotopic 
lung cancer model. The dosages and schedule of treatment 
of nude mice inoculated WitH*H226Br <:ells and viruses are 
35 summarized in the- flow chart. 
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PIG. 9A, FIG. 9Br FIG. 9C, and FIG. 9D. Samples of the 
lung axid m^laptiTWFi dlssectioa f xoa treated and control 
nice. FIG. 9A^ FIG. 9B, FIG. 9C, and FIG. 9D are four 
panels of a single figure. iSie nice were sacrificed at 
5 the end of the 6-week posttreatnent period. The lung and 
mediastinum tissues were dissected for evaluation of 
tunor formation. FIG. 9A is a sanqple of mediastinal block 
from a zK>rmal nude mice; FIG. 9B is the mediastinal block 
sanple from the vehicle (EBS) -treated mice; FIG. 9C is 
10 the mediastinal block saiqple from the Ad5CHV-p53-treated 
mice; FIG. 9D is the nedlastinal blodc sasqple from the 
Ad5/KSV/6L2-treated mice. Arxxnm indicate the tumor 
masses. 

15 FIG. lOA. The effects of continuous esqposure to CDDP on 
the growth rates of parental, Ad-l4ic-infected, and 
Ad-p53-infected H358 cells. H358 cells. (1.5 x 10^ 
cells/well) were seeded in duplicate on a 24-well plate. 
After 24 hours, 100 pi of medium, Ad-Luc viral stock (10^ 

20 PFD/ml), or Ad-p53 viral stock (10® VFU/ml) was added. 
Fallowing an additional 24-hour incubation, the medium 
that contained virus was r^laced with fresh m edi um that 
contained 10 ng/ml of CDDP. 

25 FIG. lOB. 24-hour «posure to CDDP on the growth rates 
of parental, Ad-Luc-infected, and Ad-p53 -infected H358 . 
cells, cells were es^osed to CDDP (FIG. lOA) 
continuously or (FIG. lOB) for 24 hours followed .by 
recovwy in drvg-free medium. Cells t)iat remained as an 

30 attached monolayer were assessed for viability over 5 

.days by measuring trypan blue.uptake. The mean -f/- SB is 
shown. The day 5 cell number for the Ad*p53:CDDP group 
differs significantly from all other groiqps for both A 
and B (p<.0. 05 by- Student's t-test) . 

FIG. IQC... The effects of different concentrations of 
■*•-*** 

CDDP on the viability of Ad-p53-infected H358 cells. 
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After 24-iK>u3r eacposure to the Ad-Luc or Ad-p53 virus, 
cells were treated with 0, 10, or 100 /xg/ml of CDDP for 
24 hours and then assessed for viability. 

5 FIO. ilA. Bilclieosbinal DHA fragmentation in 

Ad-p5^-isifected H358 cells esqposed to CDDP. Cells were 
infected and treated with CDDP for 24 hours as described 
in the legend to FIG. ID. 

10 PIG. IIB, FIG. lie, FIG. IID, FIG. IIB, FIG. IIP and FIG. 
IIG. H35B cells that were grown on chamber slides, 
infected with Ad-p53 for 24 hours, treated with CDDP for 
an additional 24 hours, and fixed for in situ labeling of 
ERA fragmentatico* Pictured are parental H358 cells (B) 

15 without or (C) irLth GDDPf Ad-Luc-infected cell's (D) 

without or (B) with CDDP; and Ad-p53-infected cells (F) 
without or (6) with CDDP. The arrowhead^iows an exanple 
of darkly stained nuclear fragments. Bar » 100 fim. 

20 FIG. 12A. Effect of the combination of Ad-p53 infection 
with CDDP treatmaat on H358 tumor spheroids. 
Multicellular tumor spheroids of H358 cells were prepared 
as previously described (Takahashl, et al. (1989)) . Oa 
day 0, spheroids with a diameter of 150 to 200 pm were 

25 jaaced in a 24-*well agar coated plate and ea^osed to 

Ad-p53 or Ad-*Lnc fc»r 24 hours. On day 1, medium with 10 
pg/ml of CDDP was added following r«noval of 
virus-containing medium. On day 2, after a 24 -hour 
incubation, the overlay was r^laced. with 1 ml of fresh 

30 drug-free medium. The perpecidicular diameters were 
.measured using an inverted microso^pe. The relative 
volume change was calculated accordiog^ to the formula a^ 
X b I x b^, where a aiid b are the smallest and 
largest diameters of the spheroid, TOspectively, and a^ 
' 35 and 1^ are the diameters on day 1. Only the relative 

volume of the.Ad-p53/CDDP spheroids is significantly less 
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(p<0»05 b/ Stiident'8 t-tesjk) than the ccmtrol groap 
(CtD- 

PIQ. 12B^ PIG. 12C, PIG. 12D, and PIG. 12B. In situ dOTP 
5 labelix^ with TdT for detection of apoptosis. H358 

spheroids were fixed on day 3 and stained as described in 
mterials and Methods of Exanple 7. (B) Control 
untreated spheroid, (C) ^heroid treated with CDDP, (D) 
Ad-p53-infected spheroid, and (B) Ad-p53 -infected 
10 spheroid treated with CX3DP. Bar » 100 |im. 

. PIG. 13A. Induction of apoptosis by CSDP after in vivo 
1nff^i"n with Ad-p53 as measured by tumor volume 
changes. B358 cells (5 x 10^) in 0.1 ml Hank's balanced 

15 salt solution were injected subcutaneously into the rig^t 
flank of BALB/c female na/xxa mice. Thirty days later, 
200 ;il of Tiy^l^™ alone or medium rontalnlTig ^-Idic (10® 
ppa/ml) or Ad-p53 (10® VWU/ml) was injected into tumors 
with a diameter of 5 to 6 rnn* Intra:tumoral injec^tlop 

20 (100 |il) and peritumoral injection in two opposite sites 
(50 fil each) wer^ performed. CDDP (3 mg/kg) or control 
physiological saline was given Intraperitoneally. The 
tumors w er e measured with calipers in two peinpendicuiar 
diameters without the knowle^e of the treatment groups, - 

25 and a tumor volume was calculated by assuming a spherical 
shsqpe with the average tumor diameter calculated as the 
square root of the product of cross-sectional diameters. 
Pive inice were used for each treatment group and the mean 
-I*/- SB is shown. The data was analysed using the 

30 Student's t-test.» The arrow shows the day of treabaent. 
Two independent determinations are shown. p.< 0.05 from 
'day 5 in test 1; p < 0:05 frcm'day 7 in test 2. (B*B) 

PIG. 13B, PIG. 13C, PIG. 13D, and PIG. 13B. Histologic 
35 study using the TdT-mediated biotin-dDTP labeling 
technique*. Tumors were hsucvested 5 days after the 
beginning of treatment and* immediately embedded into O. 



wo 9508948 



PCT/DS9SAM898 



- 26 - 

C. T. compound. Frozen tissues were cut in a cryostat at 
thicknesses. The sections were treated with 1 icg/nl 
proteinase K and stained as described in the legend to 
FIG* 12. Pictured are H358 tumors treated with (B) CUDP 
5 alone, (C) Ad-p53 alone, or (D, B) Ad-p53 in the 

coBibination with CDDP. Bars » 0.5 nm. All animal care 
was in accordance with the UT M.D. Anderson Institutional 
Animal Ceure and Use Committee. 

10 pg^TT.wri tYRSii^rv rtTCOS OF T "^ pPCT gRRBD KMBODIimmi 

j^^ Mblecolar Brents in Long Cancer Denreloinent 

Studies carried out by the pxeseiA imrentOTS has 
15 idtentif led critical molecular events leading to the 

development and progression of cancer. This enabled the 
inventors to develop new methods for restoring certain 
normal protein functions, so that* the malignant phenotype 
can be suppressed in vivo. 

20 

The most common lung cancer histologies (80%) are 
grouped under the term ncm-small-cell lung ci mcer (BSCLC) 

iTi ff1y rk» squamous, adenocarcinoma, and large^cell 
undif fer^tiated. Many of the carrot data on the 
25 molecular biology of lung cancer come from the study of 
the more imcoimiion small*cell lung ouicer (SCLC) • SCLC 

be distinguished from ISSdJC by the neuroendocrdUie 
features of the cells; SCLC is very responsive to 
chemotherapy but recurs rsq^^idly after treatment. N8CIC 
30 also may serve as a model for other carcinogen-induced 
^ithelial cancers. The approactes and observations 
' ' developed in this study may be* applicsdble to other types 
of epithelial can cer s. 

35 Abundant evidence .Jias accumulated tJait: the process 

of inlignant transf osnnation is mediated by a genetic 
. paradigm. The major lesions detected in cancer ceUs 
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occu^ in domiiiant oncograes and tumor suypxe ssor genes. 
Dominant oncogenes have altez^aticms in a class of genes 
called proto-oncogenes, which participate in critic^ 
' normal cell £iincti<»s, including signal transduction and 
5 transcription. Primary modifications in the dominant 
oncogenes that confer the ability to transform include 
point mutations, translocations, rearrangements, and 
aBplif icati<». Tumor suppressor genes appear to reguijre 
homozygous loss of function, by mutaticm, deletion, or a 

10 combination of these for transf cremation to occur. Some 
tumor siqipressor genes sqppear to play a role in the 
governance of proliferaticn by regulation of 
transcription. Modification of the expression of 
dominant and tumor siqppressor oncogenes is likely to 

15 influeoce certain characteristics of cells that 
contribute to the malignant phenotype. 

Despite lTi<"nn eag1ng knowlec^fe of the mechanisms 
involved in oncogene-mediated transformation, little 

20 progress has occurred in developing therapeutic 

strategies that i^)ecif ically target oncogenes and their 
products. Initially, research in this area was focused 
on dominant oncogenes, as these were the first to be 
characterized . DTOL-mediated gene transfer studies showed 

25 acquisition of the malignant phenotype by normal cells 
following the transfer of WA from malignant human 
tumors. 

B» ' p53 and p53 natations la Cancer 

30 • 

- K3 is currently recognized as a tumor svqppressor • 
gene (Ifadt^tiarh, 1992) . High levels have be^ found in 
"many- cells transformed by chemical carcinogenesis, 
ultraviolet radiation, and several viruses,, including 
35 SV40. The p53 gene is a frequent target of mutational* 
inactivation in* a wide variety of human tumors and is 
aloready documented to be the most frequently-mutated gene* 
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in common human cancers (Mercer, 1992) . It is mutated in 
over 50% of buman NSCLC (Bollestein et al., 1991) and in 
a wide spectrum o£ other tumors. 

5 Ihe p53 geoB oocddes a 375-amino-acid phodphoprotein 

that can form complexes with host proteiiis such as large* 
T antigen and B1B» The protein Is found in normal 
tissues and cells, but at concentraticmiEi iihich are minute 
by comparison with transformed cells or tumor tissue. 

10 Interestingly, wild-type p53 appears to be important in 
regulating cell growth and division. Overexpressicm of 
wild-type p53 has been shown in sctne cases to be anti- 
pjroliferative in human tumor cell lines. Thus p53 can 
act as a negative regulator of cell growth (Weinberg, 

15 1991) and may directly suppress uncontrolled cell growth 
or indirectly activate ge»es that suppress this growth. 
Thus, absence or inactivation of wild type p53 may 
contribute to transformatloii* However, some studies 
indicate that the presence of mutant p53 may be necessary 

20 for full esepression of the transforming potential of the 
gene. 

Althous^ wild-type p53 is recognized as a centrally 
important growth regulator in many cell types, its 

25 genetic aiid biocdiemical traits appear to have a role as 
well. Mis-saise mntaticsns are vuumm tar the p53 gene 
and are essential for the transforming ability of the 
oncogene. A single genetic cdiange prompted by point 
mutations can create carcinogenic p53. IftiliJce other 

30 oncogenes, however, p53 point mutations are known to 
occur in at least 30 distinct codons, often creatii^ 
dominant alleles that produce shifts in cell phenotype 
' without a reduction to homozygosity. Additionally, many 
of these dominant negative alleles appear .to be tolerated 

35 in the organism and passed on in the germ line. Various 
mutant alleles sqppear. to range from minimally 
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d^fufictional to strongly penetrant, dominant negative 
alleles (Weinberg, 1991) . 

Casey and colleagues have reported that transf ection 
5 of DNA encoding wild^type p53 into t^ human brecist 

cancer cell lines restores growth suppression control in 
such cells (Casey et al., 1991). A similar effect has 
also been demonstrated on transfection of wild-type, but 
not mutant, p53 into human lung cancer cell lines 

10 (T^kahasi et al., 1993). The p53 appears dominant over 
the mutant gene and will select against proliferation 
when transfected into cells with th e mutant gene. Normal 
e3q>ression of the transfected p53 does not affect the 
growth of cells with endogenous p53. Thus, suc^ 

15 constructs mi^t be taken up by normal cells without 
adverse effects. 

It is thus possible that the treatrcnt of p53- 
associated cancers with wild type p53 may reduce the 
20 smoober of malignant cells. Bowever,. studies such as 

those described above are far from achieving such a goal, 
not least because DMA transfection cannot be enployed to 
introduce JXOi into* cancer cells within a patients' hody. 

25 C. Gene Therapy Teefanigues 

There have been several experimental approadies to 
gene therapy proposed to date, but eaxih, suffer from their 
particular draiAraicks (Mulligan, 1993) • Ab mentioned 

30 above, basic transfection methods exist in ^diidh USA 

containing the gikia of interest is introduced . ijtito cells 
non-biologically, for example, by peinneabilizing the cell 
membrane physically or chemically. Naturally, this 
approach is limited to cells that can be t^nporarily 

35 removed from the body and can tolerate the cytotoxicity 
of the treatment; I.e. lyng^bocytes. LiposOTies or protein 
conjugates formed with certadn lipids and amphophilic \ 
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peptides can be used for transfectlon, but the efficiency 
of gene integration is still very low, on the order of 
one integration event per 1,000 to ioo,000 cells, and 
esqpression of transf ected g^es is often limited to days 
5 in proliferating cells or weeks in non proliferating 
cells. EHA transf ection is clearly, therefore, not a • 
suitable method for cancer treatment. 

A second approach capitalizes on the natural ability 
10 of viruses to enter cells, biringing their own genetic 
material with th«&. Retxroviruses have promise as gene 
delivery vectors due to their ability to integrate their 
genes into the host genoro, transferring a large amount 
of fc»celgn genetic matcsrial, infecting a faroad spectrum 
15 of species and cell types and of being padcaged in 

special cell*lines. However, three major problois baiqper 
the practical use of retrovirus vectors. First, 
retroviral inf ectivity dep^ods on the availability of the 
viral receptors on the target surface. Second, 
20 retroviruses only integrate efficiently into replicating 
cells. And finally, retroviruses are difficult to 
concentrate and purify. 

D» Adanovims Oomstxuets for use in Gene Iberapy 

25 

Human adenoviruses are double^stranded EKA tumor 
viruses with genome sizes of sqEyproximately 36 kb (Tboza, 
1981) . As a model system for eukaryotic gene expression, 
adenoviruses have been widely studied and well 

30 characterized, %diic±t makes them an attractive system for 
.developa^t of aiienovirus as a gene transfer, system. 
This group of viruses is easy to grow and manipulate, and 
they..jgxhibit a broad host- range in vitro and in vivo. . In 
lytically infected cells, adenoviruses - are caipable of 

35 shutting off host protein synthesis^ directing cellular 
machineries to crynthesize large quantities of viral 
proteins, and producing copious amounts of virus. 
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The Bl region o£ the genome includes BIA and BIB 
which encode proteins recqponsible for transcriptirai 
regulation o£ the viral genome, as well as a £ew cellular 
genes • B2 e3q>re88ion, including B2A and B2B, allows 
5 synthesis of viral replicative functions, e.g. EMA- 

binding protein, DNA polymerase, and a terminal protein 
that primes replication. 63 gene products prevent 
cytolysis hy cytotoxic T cells and tumor necrosis factor 
and appear to be important for viral prqpagatioa* 

10 Functions associated with the B4 proteins include OSD^ 

replication, late gene esqpression, and host cell slmtoff . 
The late gene products include most of the virion Ccq;>8id 
proteins, and these are expressed only after most of the 
processing of a single primary transcript from the major 

15 late promoter has occurred. The major late promoter 

(MLP) exhibits hi^ efficiency duriiKf the late phase of 
the infection (Stratford-Perricaudet and Perricaudet, 
1991a). 

20 As only a small posrtion of the viral genome appears 

to be required in cis (Tooza, 1981) , adenovlrus-derived 
vectors of fer excellent potential for the substitution of 
large DMA fragments used in connection with cell 

lines such eus 293 cells. Ad5* transformed human onbryonic 

25 Jcidney cell line (Graham, et al., 1977) have been 

developed to provide the essential viral proteins in 
trans. The invaitoocs thus reasoned that the 
charactl»i8tic8 of adenoviruses rendered them good 
candidates for use in targeting cancer cells in vivo 

30 (Gnmhaus & Bbrwitz, 1992) • 

Particular advantages of an adenovirus system, for 
delivering foreign picoteins to a cell include (i) the 
ability to substitute relatively larg^ pieces of viral 
35 CNA by foreign nNA; (ii) the structural stability of 

recombinant adenoviruses; (iii) the safety of adenoviral 
administration to humans; and (iv) lack of any Jmown 
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association of aidenovdial infection with cancer or 
malignancies; (v) the ability to obtain hi^ titers of 
the recombinant virus; and (vi) the high infect ivity of 
Adenovirus. 

5 

Farther advantages of adenovirus vectbris over 
retroviruses include the higher levels of gene 
expotession. Additionally, adenovirus replication is 
independent of host gene replication, unlike retro^riral 
10 seqaences. Because adenovirus transforming genes in the 
Bl region can be readily deleted and still provide 
efficient eaq^ression vectors, oncogenic rislc from 
adenovirus vectors is thought to be negligible (Grunhaiis 
& Hbrwitz, 1992) . 

15 

In g^ieral, adenovirus gene tsransfer systeoas are 
based i^osi recombinant, engineered adenovirus which is 
rendered rqplication-incoDpetent by deletion of a porticm 
of its genome, such as Bl, and yet still retains its 

20 competency for infection • Relatively large foreign 

proteins can be esqpressed "wben additional deletions are 
made in the adenovirus genc»e. For ^canple, adenoviruses 
deleted in both Bl and B3 regions are capable of cancying 
19 to 10 Xb of foreign IXOi and can be grown to his^ 

25 titers in 293 cells (Stratf ord-Perricaudet and 

Ferricaudet, 1991a) • Surprisingly persistent expression 
of trans^nes following adenoviral infection has also 
been repotted. 

30 Adenovirusrraediated gene transf^ has recently been 

investigated as a n^ans of mediating gene transfer into" 
eu)caryotic cells and into whole andboaais. ' For example, in 
treating mice with the rare recessive, genetic disorder 
ornithine t3ransca3d>amyla8e X&IO deficiency; it was. found 

35 that ad^Knriral- constructs could be ^nployed to supply 
the normal OTC enzyme. Unfortunately, the exprBBBltm of 
normsO. levels of OTC was cmly achieved in 4 out o£ 17 
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instances (Stratford-Perricaudet et al., 1991b) • 
Therefore, the defect was only partially corrected in 
iBost o£ the mice and led to no physiological or 
phenotypic change* These type o£ results therefore offer 
5 little encaaragemsnt for the use of ad^oovli vectors in 
cancer therapy* 

Attempts to use adenovirus to transfer the gene for 
cystic fibrosis transmembrane conductance regulator 

10 (CFTR) into the pulmonary epithelium of cotton rats have 
alQO been partially successful, although it has not been 
possible to assess the biological activity of the 
transferred, gene in the epithelium of the animals 
(Sosenfeld et al., 1992) » Again, these studies 

15 demonstrated gene transfer and esq^ression of the CFTR 
picotein in lung airway cells but showed no j^iysiologic 
effect » In the 1991 Science article, Rosenfeld et al* 
showed lung escpression of al-antitrypsin protein but 
again showed no pibysiologic effect. . In fact, they 

20 estimated that the levels of expression that they 

observed were only about 2% of the level required for 
protection of the lung in humans, i.e*, far below that 
necessary for a physiologic effect, 

25 The gene for human (Xj^-antitrypsin has be^ 

introduced into the liver of normal rats by intraportail 
injection, idiere it was expressed and resulted in the 
secretion of the introduced human protein into the plasma 
of these rats (Jaffa et al-r 1992). However, and 

30 disappointingly, the levels that were obtained were, not 
high .enou^ to. bet of theri^utic value. 

These* type .of results do not demonstrate that 
adenovirus is able to direct the expreBB±aa of sufficient 
35 protein in recombinant cells to achieve a i^iysiologically 
•relevant effect, aiKi they do not, therefore; suggest a 
usefulness of the adenovirus systoi for use in connection 
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with cancer therapy. Furthermore, prior to the present 
invention, it was thought that p53 could not be 
incorporated into a packaging cell, such as those used to 
prepare adenovirus, as it would be toxic. As BIB of 
5 adenovirus binds to p53, this was thought to be a further 
reason rOx^r adenovirus and p53 technology could not be 
combined. 

pSS^JUlenovinis Oosistruots and Tumor Sqpprassion 

10 

l!he present invention pirovides cancer gene therapy 
with a new and more effective tumor suppressor vector. 
This recombinant virus ea^loits the advantages of 
adenoviral vectors, sucdi as hig^ titer, broad target 
15 range, eff icieat transduction, and non- integration in 
target cells. In one embodiment of the invmtion, a 
r^lication-defective, helper-indeipatident adenovirus is 
created that escpresses wild type p53 (Ad5CM^-p53) under 
the control of the human cytomegalovirus promoter. 

20 

Control functions on expression vectors are often 
provided from viruses when esipressibn is deairetd in 
mammalian cells. Fdr example, ccmKBily used promoters 
are derived from polyoma, adenovirus 2 and simian virus 

25 40 (SV40). The early and late promotiers of SV40 virus 
are particularly useful because both are obtained easily 
from the virus, as a fragment which alTO contains the S740 
viral origin of replication. Smaller or larger SV40 
fragm^ts may also be used provided there is inci tided the 

30 * a^roQcLmately 250 bp sequence extending from the fffrnfr il 
site toward the Bgrll site located in the viral origin of 
replicatioa. Further, it is also possible, and oft^ 
desirable*, ta utilize promoter or control sequences 
normally associated with the included gene sequence, 

35 provided such control sequences are compatible with the 
. host cell systems. 
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An origin of replication may be provided by 
construction of the vector to include an exogenous 
origin, such as may be derived from SV40 or other viral 
{e.g., polyoma, adeno, VSV, BPV) source, or may be 
5 provided by the host cell chromosomal replication 

mechanism. If the vector is integrated into the host 
cell chromosome, the latter is often sufficient. 

The design and propagation of the preferred p53 
10 adenovirus is diagramed in FIQ. 1. In connection with 
this, an improved pTOtocol has been developed for 
propagating and identifying recombinant adenovirus 
(discussed below) . After identification, the p53 
recombinant adenovirus was striactxirally confirmed by the 
15 PGR analysis, as indicated in FIO. 2. After isolation 

aTfcfi confirmation of its structure, the p53 adenovirus was 
used to infect human lung cancer cell line B358, which 
has a homozygous p53 gene deletion. Western blots showed 
that the exogenous p53 protein was e3q>re8sed at a his^ 
20 level (FIG. 4 and FIG. 5) and peaked at day 3 after 
infection (FIG. 6) . 

It was also shown in a p53 point nutation cell line 
H322 that the nutant p53 was down regulated by the 

25 eiq^ression of t h^ exogeDooB p53. As an experimental 
control, a virion (Ad5/&SV/6L2) that had a structural 
similarity to that of Ad5CllV-p53 was used. This virion 
^ymi-a<iyo<i a lucif erase. CDHA driven by Rous sarcoma virus 
VSR promoter in the esqpression cassette of the virion. 

30 Neither p53 expression nor chaxige in actin expression was 
detected in cells Infected by the virion Ad5/RSV/aii2 . 
' Gicowth-of the H358 cells infected with Ad5CM7-p53 was 
greatly inhibited in contrast to that of noninf ected 
cells or the. cells infected with the control virion (FIG,. 

35 7A) . Growth of B322 cells was also greaitly- inhibited by 
the p53 virion. (FIG. 7B) , while that of human lung cancer 
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H460 cells containiBg wild-type p53 was less affected 
(PIG. 7C) . 

Ad5CMV-p53 mediated a stzobg inhibitory effect on 
5 lung cancer cell growth in vitro. Growth inhibition was 
not as evident when the cells were infected with AdSCMNT- 
p53 at MOI lower than 1 PFO/cell^ whereas, at MOI higher 
than 100 PFD/cell, cytotoxicity could be bbsexrved even 
with control virus Ad5/RSV/6L2« In our studies, the 
10 optimal dose for growth rate studies was 10-50 PPa/cell. 
Within this dose irange, dsll growth izihibition was 
. attributable to the eaqpressed p53 protciin. 

Tests in ndde mice dembnsfabated that tiimorigenicity 
15 of the Ad50nr-p53-treated H358 cells was greatly 

inhibited* In a mouse model of orthotopic human lung 
cancer, the tumorigenic B226Br cells, with a point 
mutiation in p53, were inoculated intratracheal ly 3 days 
prior to the virus treatment » Intratracheal Instillation 
20 of Ad5CM¥-p53 p r ev ented tumor fcncmation in this model 
systaa suggestii^ that the modified adaciovirus is an 
efficient vector for mediating transfer and es^ression of 
tumor suppressor genes in human cancer cells and that the 
Acl5CMr-p53 virus may be further cteveloped into a 
25 therapeutic agent for use in cancer gene therapy > 

Ad5CM7-p53 mediated a high level of eicpressidn of 
the p53l gene in hkanan lung cancer cells as demonstrated 
by Western blot analysis* 'Exogenous p53 protein was 

30 approadmately 14 . times more* abundaiit than the cbd&^genous 
wild-type p53 in H460 cells and about two to four times 
' more- abundant than the '^-actin internal control din H358 
cells. The hi^ level of esqpression may be attributed to 
(1) highly efficient gene transfer, (2)r strong CMV 

35 promoter driving the p|S3 COSlh, and. (3) adeiioviral si 
enhancer enhancing the p53 CDHA transcription. The 
duration of p53 escpression after infection was more than 
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15 days in H358 cells. However, there was a rapid 
decrease in expression after postinfection day 5. PCR 
analysis of the IHJA samples from the infected H358 cells 
showed a decrease of the viral level with the 
5 decreased protein level, indicating the loss of viral WA 
during the continuous growth of cancer cells in vitxo^ 

The decrease in p53 expiression may also have 
resulted from cellular attenuation of the QW pocouioter 

10 that controls p53 es^acession, since the phenomenon of 
host cell-mediated OfV promoter shut off has been 
reported previously (Dai, et al., 1992). AdezKyviral 
vectors are nonintegratlve gene transfer vectors and 
therefore the duraticm of gene expression depends upo& a 

15 nuiift>er of factors, including the host cells, the genes 
transferred, and the relevant ^ranoter. Crystal and co- 
workers diowed low level expression of the cystic 
fibrosis transmoibrane conductance regulator g^e in 
cotton rat ^ithelial cells was detectable 6 weeks after 

20 infection (Rosenfeld« et al., 1992). Perricaudet' s 
laboratory demonstrated minimal egression of 
minidystrcqphin gene in adx mouse muscle lasted for more 
t>ian 3 mCTithff after infection. The short-term hi^ level 
expression of the wild-type p53 protein observed in the 

25 present study may have the beneficial effect o£ reducing 
possible side effects on normal cells following in vivo 
treatment with Ad5GM\r-p53» 

The studies disclosed herein indicate that the p53 
30 recombinant adendvirus possesses properties of tumor 
suppression, whidi appear to operate by restoring p53 
protein function in tumor cells*. These results provide 
svq^)ort for the use of the AdSCMV-pSS virion as a 
therapeutic agent for cancer treatmrat. 
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V. JXSOL Dsainaglzig Agents 

A wide variety of rnA.damagixig agieoits nay be^i^^ 
with the present invention, such as, agents that directly 
5 crosslink CHA, agents that intercalate into raiA, and 
agents that lead to chromosomal and mitotic aberrations 
by affecting nucleic acid synthesis. 

Agents that directly cross-link nncleic acids^ : 
10 specifically DBA, are envisaged and are shown herein, to 
ev^atuate SNA damage leading to a synezgJLstic 
antineoplastic combination^ Agents such as dsplatin, 
and other SBDk alkylating may be used; Cii^platin has been 
widely used to treat cancer, with efficacious doses used 
15 in clinical applications of 20 iag/m? for 5 days every 
three weeks for a total of three courses. Cisplatin is 
not absozfoed orally and nnst therefore be delivered via 
injection intravenously, subcutaneously, intratixmorally 
or intraperitoneal ly> 

20 

Agents that damage ISA isdsb ibc^ cbmpoimds that 
interfere with DHA r^llcation, mitosis, and chrdwaosoaial 
segregation* Examples of these compounds include 
adriamycin, also knoim as doxorubicin, etoposide, 
25 verapamil, podopfayllotoxin, and the like. Widely used in 
clinical setting for the treatment of xieoplasms these 
compounds are administered throuc^ bolus injections 
' intravenously at doses ranging from 25-75 mg/m2 at 21 day 
intesnrals for adriamycin, to 35-50 mg/m2 for etoposide 

30 Intravoiottsiy or disuble the intravenous dose orally. 

* * • ■ *■ - ' • - ^ ^ . 

Agents that disrupt the synthesis and fidelity of 
nucleic acid priscursors, and subunits also lead to XBiA 
damage. As su^ a nuniber of nucleic acid precursors' have 
35 been developed. Pafticularly.^usefuX are agents that have 
undergone extensive testing and are readily available. 
As such, agents such as 5-fluorouracil (5-FD), are 
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preferentially used b/ neoplastic tissue, making this 
agent particularly useful for targeting to neoplastic 
cells. Although quite toxic, 5-FtJ, is applicable in a 
wide range of carriers, including topical, however 
5 intravenous administraticm with doses ranging from 3 to 
15. mg/kg/day being commonly used. . 

Other factors that cause DNA damage and have been 
used extensively include what are co a m uu ly known as y* 

10 rays. X-rays, and/or the directed delivery of 

radioisotopes to tumor cells. Other forms of TfSh 
damaging factors are also cont^qplated such as microwa v es 
and UV-irradiation. It is most likely that these all of 
these factors effect a broad range of damage on the 

15 precursors of rSA, the repllcatioa and repeiir of TBSOi, apd 
the assembly and msdntenaocB of chromosomes* Dosage 
ranges for X-rays rai^e fxom daily doses of 50 to 200 
roentgens for prolraged periods of time (3 to 4 . weeks), 
to single doses of 2000 to GOOO roentgens. Dosage ranges 

20 for radioisotopes vary widely, and depend on the half - 
life of the isotope, the strength and type of radiation 
emitted, and the uptake by the neoplastic, cells. 

The skilled artisan in directed to *Bemington's 
25 Pharmaceutical Sciences" 15th Bditicn, ch?ip1"^r 33, in 

pasrticular pages 624-652. Some variation in dpsi^ will 
necessarily occur dq>end1ng on the condltica of the 
subject being treated. The person responsible for 
administration will, in any event, determine the 
30 appropriate dose for the individual subject. Moreovisr, 
for human adodnistration, preparatirais should meet 
sterility, pyrogenicity, general safety and purity 
standards as required by FDA Office of Biologies 
standards. 

35 
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6. . p53 and Cl^platlk Tjmtiieiit 

... . , ... f 

In an effort to detebnaihe the efficacy of a 
combinatian of gene xeplacem^t therapy and chemotherapy 
5 in human cancer, the in^rentors examined whether 

sequential administration of Ad-p53 and CDDP could induce 
apqptosis in vivo* Following 3 days of direct 
intratumoral injection of Ad-^pSa or intraperitoneal 
administration of CDDl^r B358 tupors inplanted 

10 subcutaneously in na/tia i&lce showed a inodest slbiring of 
growth* However, if Ad-p53 and CDDP were slimiltaneously 
administered, tumors partially regressed and the' tumor 
size r^nained statiBti«G.ly significantly smaller thab 
those in any of the otheir treatment groups* Thai growth 

15 inhibitory effect was etrien more pronounced after two 
treatment cydejEi (Fid. i3A) . Histologic examination 
revealed a massive destruction of tumor cells in the area 
where Aii'-p53 was injected in mice treated with CDDP* In 
situ staining demonistarated many iapoptotic cells arbiind 

20 acellular spaces (FIO. 13B-B) • In contrast, tumors 

treated with CDDP aldsie or Ad-p53 alone showed neither 
acellularity nor apoptotic areas * 

The present invention describes a novel stonteigy for 
25 human gene therapy combined with conventional 

ch^Dothersqpy using a EHBl crosslinking agent * Tumor cell 
resistance to chemotherapentic drugs r^resents a major 
problaa in clinical oncology* KSCLC accounts for at 
least 80% of the cases of lung canc»'# patients with 
30 B9CLC are, however,, gene r all y unresponsive to 

chemotherapy (Doyle, 1993) * One goal of curr^t cancer 
research is to find ways to iisprove the efficacy of gene 
replacement therapy for cancer by investigating 
interaction between, the gene product and ch^aotherapeutic 
35 drugs. The herpes sinplex-thymidine kinase (HS-tK) gene, 
when' delivered t6 bsrain tumors by a retroviaral vector 
system, successfully induced susceptibility to the 
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antiviral ag^t ganciclovir (Culver, et al*, 1992) . The 
HS-tK gene product is an exogenous viral enzyme # ^ereas 
the wt-p53 protein is expressed in normal tissues, 
suggesting that the modulation of ch^noresistance hy 
5 alterations in wt-p53 ea^ression might be an alternative 
approach using a pathway mediated by an endogenous 
genetic program* 

An adenovirus system has potential advantages for 

10 gene delivery in vivo, such as ease of producing high 
titer virus, high infecticm efficiency, and infectivity 
for many types of cells. The stability and duration of 
expression of the introduced gene are still 
ccntawversial, however. For chmo*gene therapy, the 

15 levels of expressicm and the high infectivity may be are 
more significant than the duration of expression, because 
drugs can kill infected cells within several days* The 
increase in p53 levels in cells that are sensitive to 
chemotherapeutic drugs can occur within G hours after 

20 CSIA-damagix^ stimuli (Fritsche, et al., 1993, Zhan, et 
al., 1993), although increased p53 VSA binding activity 
can be reversed over the coinrse of 4 hours if the 
stimulus is removed (Tishler, et al», 1993) » In the 
pres»t model, the eaq^ressicn of the wt--p53 gene is 

25 driven indepoodently by the cytomegalovirus i^comoter 

fxyntT^1nf*<^ in an Ad*p53 vectrar* ^therefore, a his^ level 
of p53 expt^aixm can be maintained even after cessation 
of drug exposure. I3ie expression of wt-p53 protein by 
Ad-p53 pealps at postinfection day 3 (14-fold greater than 

30 endogenous wild type) and decreases to a low level by day 
.9 (Zhang, et al., 1993). This suggests that a 
transiratly bi^ level of wt-p53 expression Xa sufficient 
to initiate the cytotoxic program in the cancer cell* 
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B» Patleiiatd and TijreatxBesit Protocols 

The ikventots propose that the regicadal delivery of 
adenoviral*p53 gene constocucts to lung cancer cells , in 
5 patients with psa^linked cancers, such as unresectable 
obstructing endobronchial cancers, will be a very- 
efficient method for delivering a therapeutically 
effective gene to counteract the clinical disease* The 
deliver of the p53 gene dLs. to occur in ooid>inatioa& with 

10 agents or factors that lead to EHA damage. This conbined 
approach is a significant im pro vem ent on carxBat cancer 
theri^ies, for example the loss of sensitivity to 
cisplatin alone, whidh rely on att^npts to kill or r e mo v e 
the last cancer cell by effecting IXA damage. As tumor 

15 cell dormancy is an established j^ienomenon, this makes 
effective killing highly unlikely. 

It is anticipated that the uptake of the adenovirus 
constructs by BSCLC cells will decrease the rate of 

20 proliferation of these cells, however, the inresent 
example d^Donstrate that the combined use of a DBA. 
damaging agent or factor with the p53 adenovirus leads to 
a profound diminution of cell growth and tumor size, not 
shown with either factor alone. The coopositlons and 

25 methods disclosed herein, strongly portend an increase in 
the length of time the affected lung would remain 
ei^anded, prevent regrowtb of the tumor and division of 
tumor cells, and proldot^ the patient ^s survival. 

30 Patients with unresectable* endobronchial tumor 

.icecux xence that is partially qr pcopletely obstructing 
the airway and that have failed or are* unable to receive 
external beam radiotherapy will be considered for this 
combined protocol. Existing therapies^ for this condition 

'35 offer only short-term palliation. Most patients ha^ 
recurrai despite external beam radiotherapy. It may be 
possible to insert a bracbytherapy catheter and ' ' 
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administer additional radiothesrapy, intravenous 
administration of 1^92^ damaging agents. Patients 
receiving current ti^tments have a median survival of 6 
months. Patients failing bracfaytherapy would also be 
5 eligible to receive gene therapy. Tumor can be r^noved 
from the airway with the laser or biopsy forceps • This 
can be dcme in- ccmjtmctiai with injection of the 
adenoviral constructs thus decreasing the volume that 
most be injected. The administration of the viral 
10 constructs would not preclude the patient from receiving 
other palliative thers^ if the tumor progresses. 

Z. Other Gene TSransfer Teefaniqoes 

15 Successful- gene therapy generally requires the 

integration of a gene able to correct the genetic 
disorder into the host genome, id»ce it would co-exisfc 
and replicate with tbB host EBOL and be expressed at a 
level to conipengate fen: the. defective gene. Ideally, the 

20 disease would be cured by one or a few treatments, with 
no serious side effects. There have been sevesral 
approaches to gene therapy proposed to date, which may be 
used with the present invention. 

25 A first approach is to transf ect DNA containii^ the 

gene of interest: into cells, e.g., by permeabilizing the 
cell membrane either chemically or physically. This 
approach is generally limited to cells that can be 
tCTporarily r^noved from the boc^ and can tolerate the 

30 cytotoxicity of the treatment (i.e. lynphocytes) . 
Liposomes or protein conjugates formed with certain 
. lipids and amphophilic peptides can bemused for in vivo 
transf ection (Stiewart et al., 1992; Torchilin et al., 
1992| Zbu et al., 1993), however pres»it efficioicy of 

35 gene integration is very low. It is estimated that the 
. . c|ene of interest integrates into the genome of only one 
cell in 1,000 to 100,000. In the absence of integraticm. 
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expression o£ the transfected gene is limited to several 
days in proliferating cells or several weeks in nan 
proliferating cells due to thb degradation of the un- 
integrated raAs. 

5 ■ ' 

A second approach capitalizes on the natural ability 
of viruses to enter cells, bringing their own genetic 
material with them> Retroviruses have promise as gene 
delivery vectors due to their ability, to integrate their 
10 genes into the host genome, transferring a large amount 
of foreign genetic material, infecting a broad spectrum 
of species and cell types and of being packaged in 
special cell-lines (Miller, 1992) . 

15 A third method uses other viruses, such as 

adenovirus, herpes simplex viruses (BSV) , cytomegalovirtis 
(CMV), and adeno-associated virus (AAV), ^diic^ are 
engineered to. serve as vectors for gene transfer* 
Althoo^ some viruses that can accept foreign genetic 

20 material are limited in the nunber of nucleotides they 
can accommodate and in the range of cells they infect, 
these viruses have been demonstrated to successfully 
effect gene expression. However, adenoviruses do not 
integrate their genetic material into the host genome and 

25 therefore do not require host replication for gene 
expr^sion, making tbem ideally suited for rapid, 
efficient, heterologous gene ieo^ressicoi. 

Bven thov^h the istventidn has bem described with a 
30 - certain degree of particularity, it is evident that maioy 
altunatives, , modifications, and variations will be 
apparent to those skilled in the art -in li^t of the^ 
foregoing* disclosure * Accordingly, it is intended that 
all such alternatives, modifications, and variations 
35 tdiich'fall within the spirit and the scope of the " 
. invention be embraced by the defined claims. 
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The following exanqples are included to d&nonstrate 
preferred ^DbodiinentB of the invention* It should be 
appreciated by those of idcill in the art that the 
tecdmigues disclosed in the examples nhich folloir 
5 rqxresent tedmigues discoyeared by the inventor to 

function veil in the practice of the in:vention, and thus 
can be considered to constitute preferred nodes for its 
practice However, those of dcill in the art should, in 
lig^t of the present disclosure, appreciate that nany 
10 changes can be made in the specific embodiments which are 
disclosed and still obtain a like or similar result 
without departing from the spirit ami scope of the 
inventicm* 

15 BXUIPLB 1 

Ibis exaisple describes the construction of a p53 
ei^ression vector, trhis vector is constructed as 
20 indicated and is used to replace the Bl regfion (1.3-9.2 
ra.u.) of the Adenovirus strain AdS genome and einplcyed to 
construct the Adenovirus virion described in Example 2» 

The p53 ea^ression cassette tibcnm in FZ6. 1, whicAi 
25 contains human cytomegalovirus (CM7) prouDter (Boshart, 
et al., 1985), p53 dCBSOi, and SV40 early polyadenylaticm 
signal, was inserted between the Zba I and CLa I sites of 
pXCJia (provided by Dr. Frank L. Graham, Mdiaster 
Ukiiversity, Canada) . • . 



30 



35 



The genome size is about 35.4 kb, divided into 100 
map uxiits' (1 m.u. » 0.35 kb) . Ibe p53 expression 
-cassette r^laced the Bl region (1.3-9.2 m.uj of the Ad5 



Primer 1 has . the sequence 5'-GGm3^CCCCCraQGCTTC 
(SBQ ID 190:1) and is located in the first intron > 
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downstream of tlie fauman QW major IB gene promoter 
(Boshart, et al., 1985). Primer 2 has the seqaence 5'- 
TT(n!AACCA!riM^^ (SEQ ID 110:2) and is located in 

SV40 early polyadenylation signal. Both o£ the primerSr 
5 15-20 bp away from the p53 cDNA insert at both ends, 

define a 1.40 kb PGR product. Primer 3 has the sequence 
5 ^ -T(XriT i t ri X a iGCaGCTGTTG-3 ^ (SBQ ID BO:3) and primer 4 has 
the sequence S'-omirrGMCICSUU^ ID N0:4) and 

are located at U m.u. and 13.4 m.u. of the Ad5 genome, 
10 respectively, ^diich define a 0.86 )cb Tiral-genome 
specific VCR product. 

snMPLS 2 

ganeratiar i yi^ffpaaafclaii of ^^^aaAfiy)»^9- ^^J f ^^fyirlgna 

15 

This example describes one method suitable for 
generating helper- independent recombinant adenoviruses 
e^^ressing p53. The molecular strategy employed to 
produce reooobinant adenovirus is baisied upon the fact 

20 that, due to the padcaglng limit of adenovirus, pJHl? 
cannot form virus on its own. Therefore, homologous 
reoonbination between the p53 expression vector plasmid 
and pJM17 within a transf ected cell results in a viable 
viinis that can be padcaged only in cells whii^ eacBfress 

25 the necessary adenoviral proteins. 

The method of this example utilizes 293 cells as 
host cells to propagate viruses that contain 
substitutions of heterologous DlDl expression cassettes at 

30 the Bl or E3 regions. This process requires. 

cotransfection of TBOA into 293 cells. The transf ection 
largely determines efficiency of viral propagation. The 
• method used for transf ection of DNA into 293 cells prior 
to the present invention was usually calcium- 

35 phosphate/DHA coprecipitation (Graham and van der Sb, - 
1973) . However # this method together with the plaque 
assay is irelatively difficult and typically results in 
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low efficiency of viral propagation. As illustrated in 
this exasiple, transfection and subsequent identification 
of in fected cells were significantly iioproved l^y using 
liposome-mediated transfection, when identifying the 
5 transf ected cells by cytopathic effect (CPS) » 

HbB 293 cell line was maintained in Dulbeccd'8 
nodif led minimal fssential medium stagplemented with 10% 
heat-inactivated horse serum* Ihe p53 expression vector 
10 and the plasmid pJH17 (HcGrory, et al», 1988) for 

honologoos recombination were cotiransf ected into 293 
cells by DOIAP-mediated transfection according to the 
manufacture's protocol (Boehringer Mannheim Biochemicals, 
1992) . Hhis is schematically shown in FIG. 1« 

15 

The 293 cells (passage 35, 60% confluency) were 
iiuxnilated 24 hoars prior to the transfection in either 
60 mm dishes or 24-well plates. The cells in each well 
were transfected withs 30 ftl DOTAP^ 2 /ig of p53 
20 expression vector, and 3 fig of plasmid pJM17. After 

transfection cells were fed with the MBM medium every 2-3 
days until the onset of CPB. 

SanilFLB 3 

This example illustrates a new polymerase chain 
reaction (PCR) assay for confirming the identity of 
recombinant virions followix^ cotransfectlon of the 
3.0 appropriate cell- line v 

Aliquots of cell culture stqpematants (50 to 370 fil) 
were collected from the test plates, treated with 
proteinase K (50 |ig/ml with 0.5% SDS and 20 ibM BDIA)- iit 
35 56^C for 1 hour, extracted with- pheool-chloroform, amid 
the nucleic acids w er e ethanol precipitated. * The TKOi 
pellets were resuspended in 20 fil dB^O and used as 
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tCTplate for VCR aiopllfication. The relative locatirais 
of the PGR primers and their se^ences are d^icted in 
FIG. 1 and are SBQ ID noStl, 2, 3 and 4, respectively. 
The cDNA insert*^)ecific primers define a 1*4 kb PGR 
5 pxt>duct and the viral genoro-specific primiers define a 
0.8S kb PGR prodact* The PGR reactions were carried out 
in a SO /il volume containing 4 nM >^|Cl2# 50 KCl, 0«1% 
triton X-100, 200 /iM each of dNtPs, 10 ntt TTis-ca (|A 
9.0) , 2 fiM of eacdi primer, and 1»0 unit of 3^ polymerase 
10 (Promega) . The reactions were carried out at 94^C, 0.5 
min, 56^0, O.S min, and 72^C, 1 min for 30 cycles. 

In order to simplify the procedure of identification 
of newly {uropagated recombinant viarus, a direct PGR assay 

15 on DMA saiflples fxook cell culture superziatant was 

devel€>ped. Aliquots (50 or 370 /il) of the cell medium 
svqpematant with CPB were tareated with proteinase K and 
phenol/chloroform extraction* After ethanol 
precipitation, the DNA sauries were analyzed using PGR 

20 enplcaying two pairs of primers to amplify insert-specific 
and vizal-genome-specific sequences. The PGR primer 
targets and their sequences are deleted in FIO. 1. 
Primers 1, 2, 3 and 4 are srepresented by SBQ ID 908:1, 2, 
3 and 4, respectively. 

25 

As a result, a 1.4 kb cDSlA insert and a 0.86 
viral genome fragment were anplif led from the expression 
vector (positive control) aiid the DBA samples of the 
positive cell culture (FIO. 2B, lane 1 and 4, 

30 respectively). Only the 0.86 ld> fragment was amplified 
fxcm the SHA sample of ^dS/^SV/GL2 virus (negative 
control, lane 2) . Ho amplified bands appeared from PGR 
reactions that used either untreated positive cell 
cultiure mejiium supernatant (lane 3) . 

35 ' 

These results indicated that adenoviruses released 
into cell culture medium a3ce detectable hy PC3t, using as 
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little as 50 fiL of the cell culture medium supernatant 
for preparing DNA tenplates. These results will allow 
development of a quantitative method for using this 
technique to determine adenovirus titers, traditionally 
5 done by plaque assays* 

The wild- type sequence of the p53 cdA in the 
Ad5CN7-p53 virus was confirmed by dideoxy TSSh sequencing 
on the Csd -gradient-purified viral C9!DV. l!he control 

10 virus Ad5/RSV/6L2, generated in a similar manner, has a 
structure similar to that of i^CMV-p53 except a Rous 
sarcoma viral promoter and lucif erase cUXSk were used in 
its esqpression cassette. The recombinant adenovirus that 
carries a B. coll /f-galsurtosidasei g«ie (LacZ) , AdSCMV- 

15 LacZ, also has a structure similar to that o£ Ad5CM7-p53, 
and is obtainssdble as disclosed in zabang et al. and from 
Dr. Ftank L. Orahaa (please see Graham, et al., 1991). 

Viral stock, titer, and infection. Individual 

20 clones of the Ad5CMV-p53, Ad5/RSV/6L2, and Ad5CMV-LacZ 

viruses were obtained by plaque-purification accordixKr to 

the method of iSraham and Prevec (X991) . Single viral 

clones were propagated :.n 293 cells. The culture medium 

of the 293 cells showing the coopletied cytopathic effiect 

25 was collected and c^trif«^ied at 1000 x g fol: 10 min. The 

pooled stqpematants were aliqooted and stored at -20^C as 

viral stocks. The viral titers were determined by plaque 

assays (Graham and Prevec, 1991) • Ixifections of the cell 

lines were carried out by addition of the viral solutions 

30 (0.5 ml per 60-nm dish) to cell momolayers and incubation 

• • • • ' ■ 

at room temperature for 30 min with brief agitation every * 

5 min; * This was followed by the addition of culture 

medium and the return of the infected bells to the 37^C 

incubat€»r. 

35 

The gene transfer efficiency of the recombinant 
adenoviruses was also evaluated using AdSCMV^-LacZ in a 
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variety o£ cell lines such as H226Br, H322, H460, HeLa, 
Hep. 62, IiH2, and Vero. By X-gal staining, all of the cell 
lines were stained 97-100% blue after infection with 
Ad5CMV-Lac2 at an MOI of 30 PFD/cell. 

5 

EZAMPLB 4 

y*i^nnr- pS3«Directed p53 GenB expression in 
Hamayi T.mg Cancer Cells 

10 Ibis example describes the use of recombinant p53 

adenovirus to infect human lung cancer cells with a 
homozygous p53 gene deletion. The results show that 
growth of these cells and esqpression of naitaht p53 was 
suppressed, indicating the potential of the Ad5CM7-p53 

15 virion as a useful agent for control of metastatic cells • 

Immunohistochemistry was performed on infected cell 
monolayers that were fixed with 3.8% formalin and treated 
with 3% B20^ in methanol for 5 min. Iiwmmohi stochemi cal 
20 analysis was performed using Vectastain Elite kit 

(Vector, Burlingame, Ch) . The primary antibody used was 
anti-p53 antibodtf PAb 1801 (Oncogene Science, Manhasset, 

MOPC-21 (Qrganon Teknika Corp., West Chester, PA) 
was used as a negative control. The second antibody wais 
25 an avidin-labeled anti-mouse IgG (Vector) . The 

biotlnylated horseradish peroxidase ABC conplex reagent 
was used to detect the antigen-antibody conplex. Finally 
' the cells were counterstained with Barris hraatoixylin 
(Sigma) and mounted with Cytoseal SO -(Stepb^is 
3b Scientific, Riverdale, VJ) . 

TiwmmohiBtochemical analysis o£ the infected cell 
lines was perfoinoed to examine the in situ expression of 
p53 expression driven by the CMV promoter of the AdSCMV- 
35 53 virus* In the H358 cell line, vdiich has a homozygous 
deletion of p53, the p53 gene was toransf erred with' 97- 
100% efficiency, as detected by immunohistochemical 
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analysis, when the cells were infected with Ad5CMV-p53 at 
a multiplicity of infection of 30-50 plagae- forming units 
(PFa)/cell (PIO^ 4). 

5 The high transfer efficiency of recombinant 

adenovirus was confirmed by AdSCMV-LacZ, a virus ^ch 
carries the LacZ gene transcribed by the human CM¥ IB 
promoter. At an MOI of 30-50 PFO/cell, all of the cells 
exandnedr inqluding BeLa, Hep G?, UD, and the human 
10 HiSCLC cancer cell lines were 97-100% positive for 

galactosidase activity by X-gal staining. These results 
indicate that adenoviral vectors are an efficient vehicle 
for gene transfer into human cancer cells. 

15 Western blotting analysis was performed on total 

cell lysates prepared by lysing monolayer cells in dishes 
with SD3-PAGB sample buffer (0.5 till per 60-mm dish) aftier 
rinsing the cells with plK>sphate-buf f ered saline (PBS) • 
Pt>r SD3-PAGB analysis lanes were loaded with cell lysates 

20 equivalent to 5x10^ cells (10-15 ml) . The proteins in 
the gel were transferred to Hybond™-BCL membrane 
(Amersham, Arlington Heights, XL) . Hie ii^mbranes were 
blocked with 0.5% dry milk in PBS and probed with the 
primary antibodies s mouse anti-human p53 monoclooal 

25 antibody Pjyt> 1801 and mouse anti-human ^-actin monoclonal 
antibody (Amersham) , washed and probed with the secondary 
antlbo^s horseradish peroxidase-conjugated rabbit anti- 
mouse IgO (Pierce Chemical Co., Rockford, IL) . The 
m«iibranes were developed according to the Amersham's 

30 enhanced ch&niluminescence protocol. Relative quantities 
of the exogenous p53 escpres^ed were determined by 
densitometer (ttolecular Dyz^amics inc.V Suxmyvale, CA) . 

Western blots showed the oogenous p53 ^potein was 
' 35 esqpressed at a hic^ level (FIG. 5A lanes 2,3 and 5,6). 
The protein peaked at day 3 after infection (Fid. 6, 
insert, 0.5 days to 3 days) . As a control, a virion with 
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a structure similar to the recombinant AdSCHV^-p53 o£ 
Bxanple X was constructed. Tbis viricHi contains a 
luciferase dOSA driven by Rous Sarcoma' Viorus LTR promoter 
in the expression cassette of the virion. Neither p53 
5 esipression nor change in actin ea^ression ims detected in 
the cells infected by the virion Ad5/RSV/GL2. 

The recombinant p53 adenovirus was used to izifect 
three human limgs NSCLC cell lines: cell line H358, idiic^ 

10 has a hovnozygous deletion of the p53 gene, cell line 

H322, idiich has a point mutation of the p53 gene at codon 
248 (O to T) , and cell line HftCO, which has a wild-type 
p53 g^oe. Ihe growth rate of human NSCLC cells was 
determined following the inoculation of H322 and H460 

15 (IXIO^) or H358 (2x10^) in 60-mm culture dishes 24 h 

before viral infection. The cells were infected with the 
viruses at a multiplicity of infection (MOI) of 10 
PFD/cell. Culture medium was used for the mock infedtion 
control. Triplet cultuares of each cell line with 

20 different treatments were counted daily for days 1-6 
after infection. 

Growth of the H358 cells infected with AdSCH^-pSS 
was greatly inhibited in contrast to that of nonlnf ected 

25 cells or the cells infected with the control virion (FIG, 
7A) . Growth of H322 cells was also greatly inhibited by 
the p53 virion (FIG. 7B) , idiile that of human lung cancer 
H460 cells containing wild type p53 was affected jt:o a 
lesser degree (FIG. 7C) • Growth of the Ad5CMV-p53 

30 virus-infected H358 cells was inhibited 79%, whereas that 

of nonlnf ected cells or the .cells infected with the 

• • * , * 

ccmtrol virus were hot inhibited. Growth of ceill line 
H322, idiich has a point mutation in p53, was inhibited 
72% by Ad5CM7-p53^, while that of cell line H460 
^5 containing wild-type p53 was less affected (28% 
inhibition) . 



PCr/IIS9Sm898 



- 53 - 

The results indicate that the p53 recombinant 
adenovirus possesses prcqperties of tuiDor suppression, 
working through restoration of the p53 protein function 
in tumor cells. 

5 

EZBUPLB 5 

ii^i;pMir>pf;3 irt th^ Treatment of p53 Deflol mt Cells 

The present ^canple concerns the use of recombinant 
10 1^3 adenovirus to restore growth suppression of turaor 
cells in vitro and thus to treat the malignant or 
.metastatic growth of cells. It describes some of the 
ways in ^dxich the present invention is envisioned to be 
of use in the treatment of cancer via adenovirus-mediated 
15 gene therapy ♦ 

B358 cells were infected with Ad5CM7-p53 and 
Acl5/ftSV/GL2 at a MOZ of 10 PFQ/cell. An equal amount of 
cells were treated with medium as a mock infection. 

20 TWenty-four hours after infection, the treated cells were 
harvested and rinsed twice with PBS. For each treatment, 
three million (3x10^) cells in a volume of 0.1 ml were 
injected s.c. to each nude mouse (Harlan CO., Houston, 
TX) . Five mice were used for ea^ treatment* Mice were 

25 irradiated (300 cGy, ^^Co) before injection and examined 
weekly after injection. Tumor formation was evaluated at 
the &od of a 6-week period and tumor volume was 
calcttls^^ed by assumii^ .a spherical shape with the average 
tumor diameter calculated sis the square root of the 

30 product of cross-sectional diameters. 

TO determine the inhibitory effect on tumorigenicity 
mediated by Ad5CMV-p53 nude mice were injected s.c* with 
H358 cells (a human HSCU:-type cell) to -iwA^*^ neoplastic 
35 growth. Bach mouse received, one injection- of cells that 
had been ix^ected with Ad5CH7-p53 or Ad5/RSV/(3L2 at 10 
PFU/ceU for 24 h. B358 cells treated with inedium alone 
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were used as mock- infected cof&trols. Tumors, first 
palpable at postlnjection day 14^ were induced only by 
the mock- or control virus- infected cells as demonstrated 
in Table I: 

5 

Table !• Effect of Ad5CMV-p53 on tomorigenielt^ 
of H358 in node aice^ 



Treatment 


116. of Tumors/ 
NO. of Mice (%) 


Mean Volume 
(mnr ± SD) 


Medium 


4/5 (80) 


37 ± 12 


Ad5/RSV/6L2 


3/4 (75) 


30 ± 14 


Ad5CI«r-p53 


0/4 (0) 





^ Tbe ticeated H358 cells were injected s»c».at 2 x 10^ 
15 cells/mouse. TuBkor sizes w^ce determined at the end 

of a 6-week period* 

As shown in Table 1 mice that received Ad5CM^-p53- 
20 treated cells did not develop tumors. The tumors at the 
end of a 6-week period were 4-10 mm in diam eter . This 
study was initiated with five mice per groupi one mouse 
each in the Ad5CMV-p53 or Ad5/SSV/6L2 group failed to 
conplete the stu^. The early deaths were presumably due. 
25 to nosocomial infection. 

BnMPXS 6 

AdScaiV-^p S^ in the T^reataaent of totti Caneer 

30 The present example concerns the use of recombinant 

p53 adenovirus to restore growth suppression .of tumor 
* cells in vivo and thus -to tr^at' cancers in animals. It 
describes some of the ways in which the present invention 
is envisicmed to be of use in the treatment of cancer via. 

35 adenovirus-mediated geap therapy. . 
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Tbcf efficacy of Ad5CM7-p53 in inhibiting 
tunorigenicity was further evaluated in the mouse model 
of orthotopic human Itmg cancer. Since H358 and H322 
cells did not produce tumors in this model, cell line 
5 H226Br was used. This cell line has a squamous lung 
cancer origin and metastasized from lung to bradLn. 
H226br has a point mutation (AIC to GTC) at exon 7, codon 
254, of the p53 gene and is tumorigenic in mice. 

10 The procedure for tests in the mouse model of 

orthotopic human lung cancer has heesn previously 
described (Georges, et al., 1993). Briefly, nude mira 
treated with radiation (300 cGy, ^^Oo) were inoculated 
with H226Br cells hy intratracheal instillation. Bach 

15 mouse received 2 x 10^ cells in a volume of 0.1 ml PBS. 
Three days after inoculation, 10 mice per groiqp were 
treated with 0.1 ml of viruses or vehicle (PBS) by 
intratracheal Instillation once a day for two days. The 
virus dosage used was 5 x lo'^ Ad5CMV-p53 or Ad5/RSV/6L2 

20 per mouse. The mice were euthanized at the end of a 6- 

week period. Tumor formation was evaluated by dissecting 
the lung and mediastinum tissues and measuring the tumor 
size. The tumors were confirmed hy histologic analysis 
of the sections of the tumor mass. 

25 

The irradiated nude mice were inoculated with 2 x 
10^ H226Br cells/mouse by intratracheal instillatida. 
Three days after inoculatign, ea^ of the mice (8-10 Isiice 
per group) were treated with 0.1 ml of either AdSOnr-pSS 
30 or Ad5/ftSV/6L2 or vehicle (PBS) by intratracdieal 

instillation once a day for two days. The virus dosage 
used wad '5 x 10*^ PFQ/mouse. Tumor formation was 
" • evaluated at the end of a 6*week period by dissecting the 
lung and taediastinum tissues and measuring the tumor 
35 size. A flow chart of tl^ procedure is depicted in'PIO. ' 
7, with riepresttitative samples of dissection demonstrated 
--..in FIG. 8. The detected tumors were c^:ifirmed by- 
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hlBtologic analysis* The data of ttaabi: tiiesl;8urid^ are 
summarized in Tcd>le II : 

Table ZZ* Bffeet of AdSdHV^pSiS^ b^^ of 
5 B226Br In noose aodel of ortliotdpio iiuuia n lubg ranrer * 



Tteatnent 


No. nice with Tumors/ 
Total Mice (%) 


Mean Volume, 
(aanr ± 8D) 


Vehicle 


7/10 (70) 


30 ± 8.4 


Ad5/RSV/GL2 


8/10 (80). 


35 ± 6.9 


AdSCMV-pSa 


2/8 (25) 


8 ± 3.3*» 



^ Mice vere inoculated with 2 x 10^ &226Br cells/oouse 
intratxacheally* On the 3xd dsaiy E^aiiBtinocnlaticai, 
the nice Were givra either vi^hide or viroses (5 x 
15 10^ each in 0.1 nl) intacatracheally once a dky f or 2 

days. Tumrar formation was evaluated at the end of a 
6-week period. 

^ p<0.05 by two-way analysis of variance when conqpared 
to the groups receiving vehicle (PBS) or virus 
20 control. 

Only 25% of the Ad5CM7*p53-treated nice f odcned 
tunors, whereas in the vehicle or Ad5/RSir/6L2 control 

25 groiqpr 70-00% of the treated nice fomed txaaara. The 
a v er age tumor size of the Ad5CMV-p53 grouqp was 
significantly smaller than those of tluEi control groups. 
These results indicate that Ad5CMV-p53 can prevent H226Br 
f3rom forming tumors in the mouse nodel of orthotopic 

30 human lung cancer. 
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The biochemical features o£ programmed cell death 
5 (apc^tosis) show a characteristic pattern of DNA 

fragmentation resulting from cleavage of nuclear DNA. • 
Recent studies have demonstrated that induction of 
appptosis by chemotherapeutic drugs or ionizing radiation 
may be related to the status of the p53 gene and. that 

10 EMA-damaging stimuli are able tO: elevate intracellular. 
p53 protein levels in cells that are in the process of 
apoptosis (LOM, et al., 1993, caarke, et al., 1993r 
Fritsche, et al., 1993, Harper, et al., 1993, Bl-Deiry, 
et al^, 1993). Inhibition of the c»ll cycle at the 6^^ 

15 phase by increased levels of the wild-type p53 (wt-p53) 
protein allows more time for repair; if optimal 
repair is inqpossible, p53 may trigger programmed cell 
death. Thus, p53 may contribute to the induction of 
apoptotic tumor cell death by chemotherapeutic agents. 

20 

inactivation of the p53. geoa by missense mnitatiba or 
deletion is the inost common genetic alteration in human 
cancers (Levine, et al*, 1991, Bollstein, et al., 1991). 
The loss of p53 function has been reported to enhanret 

25 cellular resistance to a variety of cdiemother^peutic 
ag^ts (Lowe, et al., 1993). The inventors studies 
showed that human non-small cell lung cancer (BSCSEC) B358 
cells, in which both alleles of p53 jare' deleted, were 
resistant to cdi^nothenqpev^c drugs,, idier^s cell line 

30 inB22fib, i^ch has endograousi wt-p53, readily showed 
.apoptotic cell death IC hours after treatment with 
cisplatin {CDDP) and etqposide (VP-16) (T. Pujiwasra, B. 
A. Grimm, T. Mukhqpadl^y^ \X. A. Roth, unpublicOied data) . 
Therefore, the inventors sou^t to. determine -whether the 

35 introduction of the wt-p53 genB into H358 cells by an 
adenoviral vector could incfcease the cell's sensitivity 
to the EHA crosslinlcing agent CDDP in vitro and in vivo. 
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Materials and M e thods 

B358 cells were kindly provided by A* Gazdar and J. 
Mizma (Talcaha^hi, et al., 1989) • 

5 

Adenovixiw Yedtcnbi 

THe €30iD8tzik±icm ajbd ideatificaticm o£ a z^corabinant 
adenovirus vector that cbntains the c£NA that encodes 

10 human wt*p53 (Ad-p53) or luciferase (Ad-Luc) were 

previously reported (Zhang, et al., 1993) • Briefly, the 
p53 esqxression cassettie that contains human 
cytomegalovirus promoter, wt-p53 ^3XA, and SV40 early 
polyadenylatiodn signal, was inserted bieitween the Zbal and 

15 daX sites of pXCOL^l* tkm p53 stadttle vector and the 
recombinant plasmid pmil were cotransfeeted into 293 
cells (AdB-tnuobsf OTmed human aftxrydnib kido^ cell line) 
by a liposome^mediated technique. The culture 
supernatant of 293 cells showing the complete cytopathic 

20 effect was collected and used for subsequent infections > 
Ihe ccmtrol Ad-*Luc virus was generated in a similar 
manniex. Ad-p53 and Ad-lAic virusies were propagated in 293 
cells. The presence of replication ooopetatit virus was 
eMclinded by HeLa cell assays. Ihe viral titers were 

25 determined by plague assays (GSraham, et al., 1991). 

Deteotidn of Hdoleosonal IXNA fragmentatloBi; - 

/ EBA was isolated f3Dom parental, Ad-^Luc-infected, and 
30 Ad--p53 -infected cells that did or did not receive CDDP 
treatmebt^ 1^ incnibating cells at 55^C for* 6 hours in 
lysis buff er (5Q nM Ms-HCTL, pH 8.0, 100 bM BDZA, 100 vM 
Mad ,-..!% Si3S, and 50 fig/ml iun>teinaset K) . D39A was 
eactraeted twice with equal volumes jDf t^sbdoI and once 
35 with chloroform-isoamylalcobol (24:1) and then 

precipitated in ethanol. Samples were subjected to 
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electxc^horesis on a 1.5% agarose gel, and visualized by 
ethidium bromide staining. 

TdT-mediated dOTP niclc end labeling was performed 
5 according to a procedure previously reported ((^nrrieli, 
et al., 1992). Monolayer cellp were treated with 0.01% 

The slides wesre innersed in TdT buffer (30 nM 
Tris-BCa, pa 7.2; 140 vH sodium cacodylate; 1 vM cobalt 
€*hlc»ride) and ixicubated with biotinylated dOTP 
10 (Bo^nringer Mazmheim, Indianapolis, IHX and TdT at 37^0 
for 45 min. The, slides were cxnrer)ed with 2% bovine serum 
albumin for 10 min and incnbat«t with avidin-biotin 
complex (Vectastain Elite Kit f Vector Laboratories, 
Burlingame, CA) for 30 min* The colorimetriq detection 
15 was performed by using diamino-benzidine. 

Sasiilts 

B358 cells were transduced in vitro with the human 
20 wt-p53 cDONA by e3q)QSure to Ad-p53. Westerii blot analysis 
showed a high level of wt-p53 protein ^pression as early 
as 24 hours after infection with Ad-p53, but no wt-p53 
was detected in parental (uninfected) cells or cositrol 
cells infected with Ad-Luc (data not shown) » Concurrent 
25 1 mmunohl stochemical evaluation demonstrated detectable 
wt-p53 protein in more than 80% of infected cells, 
suggestii^ that thB tscansf er and ^qpression of p53 by AD- 
p53 was highly efficimt (data not shoim) • 

30 Continuous exposure of Ad-p53 ■ 1 nf ected B3.58 cells to 

CDDP reduced their viability rigidly, whereas sighif icant 
cell death' for parental and Ad-Luc- Infected cells ... 
occurred only after 72 hours of escposure to CDDP (FIG. 
lOA) • Loss of viability Was greatly. enhanced in cells 

35 transduced with .Ad-p53 • Moreover, the reduction of ^ 
viability could be observed even when cells were 
maintained in drug- free medium after 24 hours of 
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expoBiccB,^^^ lethal damage could be induced 

within 24 hours (FIG. lOB) • The sensitivity of 
wt-p53 -transduced B358 cells to CDDP was. dose dependent 
(PICS. IOC). 

An ititiernltic^ SNA ladder indicative of JXA 

fragmentation was evidlent in cells esq^ressing wb-p53 
after 24 hours 6f ejqposure to CDDP; parental and 
Ad-Luc- infected cells, however, did not show ENA 

10 fragmentation (FIG. IIA) . Terminal deooq^cleotidyl 
transferase (TdT) -mediated 2' -deoxyuridine-5' - 
triphosphate (dOTP) -biotin ni^ enA labeling, which 
detects ESDI fragmentation characteristic of apcptosis in 
situ, showed many aqgoptotic qells in Ad-p53*inf ected 

15 cells treated with GDDP for 24 hours as shown in FIG« 11 
O which demonstrates darkly staining nuclei and nuclear 
fragments not presoat in FIG. IIB-F. 

Introduction of wt-p53 is known to induce apoptosis 
20 in some types of timor cell lines with deleted or mutated 
p53 (Yonish-Rouac^, et al., 1991, Sbaw, et al», ±992, 
Ran^prlst, et al., 1993). Bbwever, overesqpression of 
wt-p53 alone coiuld not jnranote SHA fragmen tation in the 
p53-negatlve H358 cell line (FIG. 11) , although their 
25 growth was suppressed by Ad-p53 (FIG. 10) . This is 
oonpatible with the inventors previous observations 
showing that stable H3 58 clones could be obtaijied after 
retrovirus-mediated wt-p53 transfer and that the clones 
grew more slowly than parental cells (Cai, et al., 1993). 

30 

The potential therapeutic ef f iicacy of the 
' dombinatioQ 6f *Ad-p53 and CDDP was evaluated* in -t^nas.of 
the relative diange in volume of H358. spheroids. The 
multicellular tumor spheroid' model ^diibitB^'in vitzo a 
35 histologic structure similar to that of jndmary tumcxrs 
and micrometastases* Treatment with CDDP caused a 
reduction of relative volume in Ad-p53- infected H358 
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^bezbido, bat had no significant effect on parratal or 
Ad-Iiac*infected spheroids (FIG* 12A) . Da situ 
TdT-idediated dOTP labeling showed many cells in the 
process of s^poptosis on the surface of Ad*p53- infected 
5 spheroids, ^lAile no apoptotic cells were seen on 

spheroids not infected with Ad-p53 (FIG* 12B-B) • The 
inventors have previously reported that 
retroviral'ioediated wt*p53 expression inhibited growth of 
H322a spheroids induced by transformix^ growth factor a 

10 (TSF-o) (Pujiwajca, .et al», 1993)* The retroviral vector 
could not infect B358 j^pheroids, however, because cells 
in' these spheroids did not proliferate rsq;>idly in 
response to exogenous T6P*a» The finding that esqposure 
to CDEDP reduced the size of H358 spheroids infected with 

15 Ad-p53 by iirv^»r>'tT>j apoptosis on the surface suggeists that 
Ad-p53 infects nozqprolif erating cells and that CDDP 
initiates the sqpoptotic process in quiescent cells* 

RmiPLS 8 

20 "f^^ AftMifcfl In gftrHm^Tifi 

An ari<™aT models has been ^oployed as part of pre- 
clinical trials, as described hereinbelow and in Bxaioples 
5, 6 and 7* Patients for whom the medical indication for 

25 adenovirus-mediated gene transfer treatment has been 

established nay be tested for the presence of antdlbodies 
directed against adenonrixus* If antibodies are i^resent 
and the patimt has! a history of allergy to either 
pharmaocdogical or . naturally occurring substances, 

30 * application of a test dose of on the order of 10^ to 10^ 
recombinant adenovirus under close clinical observation 
would be indicated* 

For the treatment of cancer using Ad5CHV*p53, 
35 recombinant adenovirus esqpressing p53 under the control 
... of suitable i^comoter/enhancer elements, such as the CMV 
promoter, would be prepared and purified according to a 
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inethod that would be acceptable to the Pood and Drug 
AdminiBtratioa (PDA) for adminlstratioa to faumaoti 
subjects* Such methods include, but axe not limited to# 
cesium <±loride density gradient centrifugation, followed 
5 by testing for efficacy and purity. 

basic method** are considerc^d to be suitable for 
p53 adenovirus treatment methods, a direct or local 
administration and a more general administration* The 

10 present methods are suitable for treating any of the 

variety of different cancers Imown to be connected with 
p53 mutations. In regard to general administration, a 
siAple intravaooas injection of admovirus has been shown 
to be sufficient to result in. viscal infection of tissues 

15 at sites distant &om the injection (Stratford- 

' Perricaudet et al», 1991b), and is thus siiitable f or the 
treatment of all p53~linked malignaiicies. The virus may 
be administered to patients by means of intravenous 
admixiistration in aiiy pharmacologically acceptable 

20 solution, or as an infusion over a period of time. 

Generally ^>eaking, it is believed that the effective 
munber of functional virus particles to be administered 
would range from X x lo" to 5 x lo"L 

25 Also, particularly lAere lung c an cer is concerned, 

moTB direct physical targeting of the recombinant 
adenovirus could be eioployed if deisired, in an analogous 
maTin<>y to the intratracheal administration of the cystic 
fibrosis transmenbrane conductance regulator (Ros^of eld 

30 et alw 1992) * This would result in the delivery of 
recombinant p53 adenovirus closer to the site of the 
target cells. 
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Ifetlioda 

In sitn dDTP labelixig with TdT for detection of 
apoptosis. vaSB spheroids were fixed on day 3 and 
5 stained as described in Rxanple 7. Briefly, labeled TdT 
probes were contacted to slides immezBed in TdT buffer 
and incubated with biotinylated dOTP and TdT at 37 for 
45 min^ The slides were covered with 2% bovine serum 
^i>^Yni^Ti for 10 nin and incubated with avidin-biotin 
10 complex for 30 rain* The colorinetric detection was 
performed using diamino-benzidine . 
• " 

Sadnoticn of apoptosls by CDDP after In vivo inf eetloii 
with Ad--p53* H358 cells (5 x 10^) in 0*1 ml Hank's 

15 balanced salt solution were injected subcutaneously into 
the right flank of BALB/c female xm/xm mice. Thirty days 
later, 200 /tl of medium alone, or medium containing ASL-^IxkO 
(10^ PFQ/ml) or Ad-p53 (10^ PF(T/ml) was injected into 
tumors with a diameter of 5 to 6 mm. Intratumoral 

20 injection (100 pi) and peritumoral injection in two 
opposite sites (SfO fil each) were performed. CDDP (3 
mgAg) or control physiological saline was given 
intraperitoneally. (A) Tumor volume changes. The tumors 
were measured with calipers in two perpendicular 

25 diameters without the knowledge of the treatment groqps# 
and a tumor volume was calculated by assuming a spherical 
aba^ with the average tumor diameter calculated as the 
sguasre.root of the product of cross-sectional diameters. 
Five mice were used for each treatment group and the mean 

30 '¥/r SB is ^Kywn.. The ^ta was analyzed using the 

Student's t-test. The ancoir shows the day of treatm^t. 
" Two independent determinations are shown, p < 0.05 from 
day 5 in test i; p < 0.05 from day 7 in test 2. 
Histologic study using the TdT-mediated biotin-dDTP 

35 labeling technique.. Tumoi^.were harvested 5 days after 
the beginning of treatment and immediately embedded Into' 
O. C. T. conpound. Frozen tissues were cut in a* cryostat 
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at S-im thicknesses « The secticms were treated with 1 
/ig/ml proteinase K and stained as described above. All 
animal care was in accordance with the DT M.D. Anderson 
Institutional Animal Care and Use Committee. 

5 

Results 

To d&aonstrate the in Vivo e££icacy of the methods 
and compositions efficacy of a combination of gene 

10 replac^nent therapy and chem oth er apy in hiiman cancer, the 
imrentors examined whether sequential administration of 
«Ad-p53 and CDDP could induce ^poptosis in vivo. 
Following 3 days of direct intratumoral injection of 
Ad-p53 or intrsqperitoneal administiration of CDDP, H358 

15 tumors implanted suibcutaneously in xm/aa mice showed a 
modest slowing of growth. Bdwever, if Ad-p53 and CDDP 
were siimiltaneously administered, tu mo rs partially 
regressed and the tumor size remained statistically 
significantly smaller than those in any of the other 

20 treatm^t groups. The growth inhibitory effect was even 
more pronounced after two treatment cycles (FIG. 13A) . 
Histologic examination revealed a massive destruction of 
tumor cells in the area where Ad-p53 was injected in mice 
treated with ODDP. In situ staining denonsta^ted many 

25 apcptotic cells around acellular spaces (FIG. 13B-B) • In 
contrast, tumors treated with CDDP alone or Ad-p53 alone 
showed neither acellularity ncnr sqpoptotic areas. 

In more detail, preferred treatment protocols may be 
30 developed along the followix^ lizies. Patients may first 
undergo bronchoscopy to assess the degree of .obstruction. 
"As much gross tumor as possible should be resected 
endosoopically.' Patients should preferably umlergo 
bronchoscopy under topical or general anesthesia, h 
35 Stifcor^ transbronchiaX aspiration needle* (21g) will be 
passed through the biopsy channel of the bron:choscdpe. 
The residual tumor site would then be injected with the 
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p53 adenairinis in a small volume cracfa as aboat 10 ml or 
less. 

In any event, since the adenovirus employed will be 
5 replication incoopetent, no deleterious effect of the 
virus itself on subject health is anticipated. &)wever, 
patients would remain hospitalize^ during the treatment 
for at least 48 hours to, monitor acute and delayed 
adverse reactions » Safety-related concerns of the use of 

10 replication def icioit adenovirus as a gene transfer 
vehicle in humans have been addressed in the past 
(Rosenfeld et al., 1992; Jaffe et al., 1992), but the 
dose of adenovirus to be administered should be 
appropriately monitored so as to further minimize the 

15 chance of imtoward side effects • 

There are various criteria that one vhould consider 
as presenting the »istence of a need for response or the 
existence of toxicity. To assist in determining the 

20 existence of toacicity, the tumor bed should be 

photograqphed prior to a course of thescapy. The longest 
diameter and its perpendicular will be measured. Size 
will be reported as the product of the diameters. From 
these data, one can calculate from these nuiabers tba rate 

25 of regrowth of the tumor. 

The time to progresision can also be measuxred from 
the first observation with reduction in tumor bulk until 
there is evidence of progressive disease. Progressive 

.30 Disease is cbf ined as an increase of ^ 25% in the sum of 
the products of the diameters of the measured lesion. 
Patients must have received at least two courses of - 
therapy before a designation of progression is made. The 
survival of patients will be measured from entry into . 

35 protocol. 
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FolloW*\qp examinations would include all those 
routinely eii;>loyed in cancer therapy, including 
monitoring clinical signs and talcing biopsies for 
standard and molecular biological analysis in which the 
5 pattern of npression of various p53 genes could be 

assessed. This would also supply iziformation aboutt the 
nomber of cells that have' taken up the transferred gene 
and about the relative promoter strength in vivo. Based 
on the data obtained adjustments to the treatment majr^b^. 
10 desirable. These adjustments might include adenovirus 
constructs that use dif f eirent promoters or a change in 
the nuinber of pfu injected to ensure a infection of more, 
or all, tumor cells without uqphysiological 
overexpressioQ of the recombinant genes. 

15 

It is oontenplated that the expression of exogenous 
genes transferred in vivo by adenovirus c^ persist for 
extended periods of time. Therapeutically effective * 
long-term expression of virally transferred exogenous 

20 gexies will have to be addressed on a case by case basis. 
Marker genes are limited in their usefulness to assess 
therapeutically relevant persistence of gene expressicm 
as the esqpression levels required for the amelioratioo of 
any givm goxetic disorder ndg^fc differ oonsiderably from 

25 the level requiared to completely cure another disease. 
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While the compositions and methods of this invention 
5 have been described in terms of preferred ^nbodiments, it 
will be apparent to those of skill in the art that 
variations may be supplied to the composition, methods and 
in the steps or in the sequence of steps of the method 
described herein without departing from the concept, 

10 spirit and scope of the invention* More specifically, it 
will be apparoit that certain agrats whidi are both 
chraically and physiologically related may be substituted 
for the agents described herein ^diile the same or similar 
results would be achieved » All Boch similar substitutes 

15 and modifications sqpparent to those skilled in the art 
are deemed to be within the spirit, scope and concept of 
the inventicHi as defined by the appended claims* All 
claimed matter and methods can be made and executed 
without undue experimentation • 

20 

The following references to the extent that they 
25 provide exenplary procedural or other details 

suppl^nentary to those set forth herein, are specifically 
incorporated herein by reference. 
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30 

.Bishop (1987) Science 235:305-311. 

Bo^ieringer Mannheim Biochemicals (1992) . DOTAP for high 
efficiency transfect ions, JEMBiocbeiaica* 9(1) :17. 
35 . 
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1« . A method of Icilling a cell, coinprlsii^ contacting a 
5 cell with a p53 protein or gene and a 13901 damaging agent 
in a combined amount effective to kill said cell. 

2. !I!lie iDetbod of claim 1, wherein said cell is 
10 contacted with a p53 protein or gene in covabination with 
X-ray radiation, OT-irradiation, 7*irradiatio(D, 
microw a ves, adriamycin, 5-£luorouracil, etcposide, 
canptothecin, actimonycin-D, mitomycin C, or cisplatin. 

15 

3» The method of claim 2, wherein said cell is 
contacted with a p53 protein or gene in combination with 
ciqplatin. 

20 

4. The method of claim 1, wherein said cell is 
contacted with a recombinant vector that esqpresses a p53 
protein' in said ceU in combination with a lOA damaging 
agent. 

25 

5. The method of claim 4, i^ierein said p53-^9res8ing 
recOobinant vectcnr is a naked ENH plasmid, a plasmid, 
within a liposome, a retroviral vector, an MJT vector, or 

30 a 3cecoobinant adei»viral vector. 

.... 

6. Ihe method of claim 5, idierein said p53-e3qpressing 
reconbinant vector is a recombinant adenoviral vector* 
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7. The method of claim 6, wherein said p53*expre8sing 
recombinant vector id a recombinant adenovixral vector 
comprising a p53 expression region positioned under the 
control of the cytomegalovirus IB promoter. 

5 

8. The method of claim 6, wherein said recooibinant 
adenoviral vector conprises a p53 esqgnression region, the 
cytomegalovirus IB promoter and the SV40 early 

10 polyadenylation signal. 

3. The method of claim 6, wherein at least one gene 
essential for adenovirus replication is deleted from said 
15 ^adenovirus vector construct and the p53 repression region 
is introduced in its place* 

10. The method of claim 9, wherein the RIA and BIB 

20 regions of the adenovirus vector are deleted and the p53 . 
expression region is introduced in their place. 

11. The method of claim 6, wherein said reconblnant 
25 adenoviral vector is present within a recombinant 

adenovirus. 

12. The method of claim 1, wherein said cell is first 
30 ccxntacted with a p53 protein or* gene and is subsequently 

contacted with a TSSh damaging agent. 

13. The method of claim 1, wherein said cell is first 

" 35 contacted with a DIO^ damaging agent and is subsequently 
contacted with a p53 protein or gene. . 
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14. ^ftie method of daim 1, ^dierein sadd csell is 
Bimultaneously contacted with a p53 protein or gene and a 
USA damaging agent. 

5 

15* The method of claim 1, herein said cell is 
contacted with a first composition comprising a p53 
protein or gene and a second compositibn comprising a DNA 
damaging agent* 

10 

16. The method of claim 15, wherein said fixrst or second 
composition is dispersed in a pharmacologically 
acceptable formulation. 

15 

17. The method of claim 1, nAterein said cell is 
contacted with a single composition comprising a p53 
protein or gene in combination with a DBA damaging agent. 

20 

18. The method of claim 17, wherein said composition is 
dispersed in a pharmacologically acceptable fomulation. 

25 

19* The method of claim 17, idierein said cell is 
contacted with a six^e composition comprising a 
recombinant vector that esqpresses p53 in said cell in 
combination with a USk damaging agent. . 

30 / . 

... 

20. The method of claim 19, ^dierein said cell is 
contacted with a single composition comprising a 
recombinant adenovirus containing a recombinant vector 
'35 tlmt es^resses p53 in said cell in combination with . a CfHA 
damaging agent. 



wo 95/28948 



PCrA)S95/04898 



- 81 - 

21 • The method of claim 1,. wherein said cell is a human 
cell. 

5 22. The method of claim 1, wherein said cell is a 
malignant cell. 

23. The method of claim 22, wherein said cell is a lung 
10 cancer cell. 



24. The method of claim 22, wherein said cell is a 
hreast cancer cell* 

15 

25» The method of claim 22, lAerein said cell has a 
mutation in a p53 gene . 

20 

26 • The method of claim 1, wbexBin said cell' is located 
within an animal and said p53 protein or gene and JXOi 
damaging agent are administered to the aiilfml in a 
pharmacologically acc^table form. 

25 

27. A method of treatiz^ cazicer, ooiqprising 
administering • to an animal with cancer a theriqpeutically 
effective dbinbination of a p53 protein or gena and a WA 

30 damaging agent. 

28. The method* of claim 27, conprising injecting into a 
tumor site a therapeutically effective amount of a 

35 pha^pmaceutical composition .comprising a fecomibinant ^ 

ad^ovirus* containing a recombinant vector that expresses 
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p53 in the tumor cell, and contacting the tumor with a 
DNA damaging agent. 

5 29. The method of claim 28, Wherein the tumor is 

contacted with a ONA damaging agent by irradiating the 
tumor site with X-ray radiation, DV- irradiation, 
7- irradiation or microwaves. 

10 

30. The method of claim 28, wherein the tumor is 
« contacted with a DMA damaging agent by administering to 
the ?^ T i1"^^ a therapeutically effective amount of a 
pharmaceutical composition congprising a VSh damaging 
15 coopound. 

31 « The method of claim 28, wherein the DNA damaging 
compound is cisplatin. 

20 

32* A coinpositibk cbioptising a p53 protein or gene in 
combination with a TBOA damaging agent. 

25 

33.* The composition of claim 32, cooqprising a p53 
protein or gene in combination with adriamycin, 
5-fluorouracil, etoposide, camptothecin, actimomycin-D, 
' mitomycin C, or cisplatin. 
30 . . • 

' •'34.- The conpositicn Of claim 33, comprising a p53 
protein or gene in combination with cisplatin. 



35 
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35. The cxxnpoditiott o£ claim 32, comprising a 
recombinant vector that esqpresses a p53 protein in an 
animal cell in combination with a ENA damaging agent. 

5 

36. Ibe coD^sition of claim 35, wherein said 
recombinant vector Is a naked USh plasmid, a plasmid 
within a liposome, a retroviral vector, an AAV vector, or 
a recontbinant adenoviral vector. 

10 

37. The composition of claim 36, wherein said 
reconbinant vector is a recombinant adeix>viral vector. 

15 

38. The composition of claim 37, wherein said 
recombinant vector is a recombinant adenoviral vectcnr is 
present within a recombinant adenovirus particle. 

20 

39. The composition of claim 32, comprising a 
recombinant adenoviral vector present within a 
recCTbinant adenovirus particle in combination with 
cisplatin. 

25 

40. The composition of claim 32, dispersed in a 
pharmacologically acceptsd>le fonnilatioii. 

30 

41; The composition of claim 40, formulated for 
intralesional administration. 

*-••*.•• 

35 42. A therapeutic kit comprising, in suitable container' 
means, a pharmaceutical formulation of a recombinant 
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vector that e3q>re88e8 a p53 protein in an animal cell and 
a pbarmaceutical £ozimilation o£ a caA damaging agent » 

5 43. the kit o£ claim 42, idierein said redoobinant vector 
and said DNA damaging agent are present within a single 
container means* 

10 44. l!he kit of claim 42, wherein said recombinant vector 
and said damaging agent aro present within distinct 
container means. 

15 45. The kit of claim 42, conprising a phainnaceutical 
formulaticHi of a recombinant adenovirus including a 
recombinant vector that escpresses a p53 protein in an 
animal cell and a pharmaceutical formulation of 
cisplatin. 
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